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EXECUTIVE  SUMMARY 


This  literature  review  (224  references)  discusses  various  topics  re- 
lated to  occupational  health  and  safety  of  TNT,  an  explosive  uBed  in  bombs, 
shells  and  grenades.  It  is  a yellow  powder  and  cryBtula  at  room  temperature, 
and  can  be  stored  at  room  temperature  for  20  years  without  decomposing. 

Manufacture  of  TNT  creates  harmful  fumeB  of  TNT  and  other  gaaeB.  Breath- 
ing the  fumes  can  cause  sore  throat,  sneezing  or  choking,  and  lung  damage 
may  occur,  with  recovery  after  several  days.  Workers  who  are  exposed  to 
TNT  by  breathing  fumes  or  getting  TNT  on  the  akin  may  experience  harmful  ef- 
fects including  liver  malfunction,  decreased  ability  of  the  bone  marrow  to 
make  blood  cells,  and  death.  TNT  may  also  damage  the  heart,  blood  vesselB, 
kidneys,  pancreas,  and  possibly  cause  cataracts.  Skin  rash  and  redness  may 
develop  on  the  hands  and  forearms,  collar  area  and  ankles.  Nausea  and  vomit- 
ing and  stomach  pains  also  are  reported.  The  color  of  urine  of  persons  with 
TNT  poisoning  is  darker  than  normal,  and  may  be  red,  but  not  bloodv.  Re- 
moval of  the  worker  from  all  TNT  fumes  is  important  in  treatment  of  TNT 
poisoning.  Deaths  are  usually  due  to  liver  or  blood  disease.  OSHA  requires 
that  workers  in  TNT  plants  are  not  exposed  to  more  than  1.5  mg/m3  of  TNT  in 
air,  but  disease  still  appears  in  some  workers.  The  U.S.  Army  has  lowered 
its  acceptable  TNT  level  to  half  of  this  amount,  0.5  mg/m3  of  TNT,  in  order 
to  provide  greater  protection  to  exposed  workers. 

In  animals,  cats  are  more  sensitive  to  TNT  toxicity  than  rabbits,  rats 
and  monkeys.  Liver  disease  and  blood  disease  appear  in  animals  exposed  to 
TNT  fumes.  Dogs  fed  TNT  showed  no  disease  other  than  vomiting.  DogB  which 
inhaled  TNT  fumeB  loBt  weight,  and  had  vomiting  and  diarrhea  and  some  blood 
problems  but  no  liver  disease.  TNT  cancer  has  not  been  reported  in  labora- 
tory animals  or  humans  exposed  to  TNT.  But  TNT  did  cause  mutations  in  bacteria 
and  chromosomal  abnormalities  in  bone  marrow  cells  of  rats.  The  effect  of 
TNT  on  reproduction  is  not  known. 

TNT  can  be  absorbed  into  the  body  through  skin,  but  much  less  enters 
the  body  by  breathing  fumea  than  through  the  skin.  When  fumes  enter  the 
mouth  there  1b  a bitter  taste.  The  liver  breaks  down  TNT  which  enters  the 
body,  and  these  breakdown  products  of  TNT  are  found  in  urine  but  not  in  feces. 

Bacteria  . agrade  TNT  in  waste  water.  Sunlight  causes  TNT  to 

decompoB > in  water,  n gives  the  water  a pink,  or  red  color.  Organisms 
living  in  water  can  be  narmed  by  TNT  waste  which  is  disposed  in  the  water. 

Persons  working  in  TNT  plants  should  not  be  exposed  to  TNT  in  air  in 
concentrations  above  the  OSHA  limit.  They  should  get  medical  examinations 
routinely  and  tests  for  blood  and  liver  function,  in  order  to  detect  signs 
of  TNT  disease  early  enough  to  cure  the  worker.  Clean  work  clothes  and 
showers  after  work  may  help  avoid  TNT  skin  contamination,  and  safetv  glasses, 
face  Bhields  and  other  protection  are  important. 

The  effects  of  TNT  on  reproduction  and  on  unborn  offspring,  cancer  from 
TNT,  and  eye  cataract  from  TNT,  are  some  topics  which  need  to  be  studied. 
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ABSTRACT 


A literature  review  (224  references)  assessing  occupational  health  and 
safety  aspects  of  TNT  (2,4,6-trinitrotoluene).  Topics  considered  include 
human  toxicity,  epidemiology  of  TNT  occupational  exposures,  industrial  stan- 
dards and  practices  delimited  by  the  OSHA  Act  and  U.S.  Armed  Forces  recommenda 
tions  on  maximum  allowable  concentration  of  atmospheric  TNT  in  the  workplace. 
Laboratory  animal  morbidity  and  mortality  Btudies,  pharmacokinetics  in  mammals 
microbial  biodegradation,  photodecompouition  and  other  environmental  aspects, 
and  sampling  and  analysis  in  biologic  media,  air  and  water  are  reviewed. 
Recommendations  for  further  research  include  determination  of  the  carcino- 
genic, mutagenic  and  teratogenic  potential  of  TNT,  and  establishment  of  a 
lower  maximum  allowable  concentration  in  the  workplace  (from  1.5  mg/m3  to 
0.5  mg/m3  atmospheric  TNT)  to  reduce  the  occurrence  of  dose-related  aplastic 
anemia,  toxic  hepatitlb  and  jaundice,  and  other  manifestations  of  intoxica- 
tion from  short-  or  long-term  occupational  exposure  to  TNT. 


FOREWORD 


The  U.S.  Army  Medical  Research  and  Development  Command  has  the  task  of 
assessing  occupational  health  and  safety  aspects  of  various  chemicals  to 
which  Army  as  well  as  civilian  personnel  may  be  exposed.  Accordingly!  this 
Problem  Definition  Study  (PDS)  for  TNT  has  been  prepared  as  part  of  this  re- 
search program  under  contract  number  DAMD-17-77C-7020,  in  order  to  provide 
the  published  data  relating  to  occupational  health  and  safety  aspects  of  TNT. 
The  subjects  covered  in  this  report  include  physical  and  chemical  properties,' 
methods  of  analysis,  toxicological  studies  on  humanB  and  animals,  metabolism, 
industrial  hygiene  and  safety  practices,  among  others.  An  appendix  llBts 
the  sources  examined  to  locate  relevant  information  in  the  literature.  Also 
included  in  the  appendix  is  a list  of  various  organizations  contacted  to  ob- 
tain relevant  information  concerning  TNT. 

Problem  Definition  Study  III  is  the  third  in  a series  of  eight  reportB 
prepared  under  this  contract. 
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I.  INTRODUCTION 


The  explosive  2 ,4 ,6-trinitrotoluene  (TNT)  wbb  first  prepared  by  Wilbrand 
in  1 86 3 j its  production  on  an  industrial  scale  in  Germany  started  in  1891 
(1) . Ten  years  later,  it  began  to  find  wide  application  as  an  explosive  for 
shells,  bombs  and  grenadeB,  and  gradually  displaced  picric  acid.  Millions  of 
tons  of  TNT  were  produced  during  World  Wars  1 and  TT  and  were  extensively  .used 
as  a bursting-charge  explosive,  usually  mixed  with  oxygen-rich  substances,  as 
an  ingredient  of  binary  explosives,  e.g.,  amatols  of  metalized  explosives, 
e.g.,  Tritonal,  and  of  commercial  explosives,  e.g.,  dynamites.  Workers  are, 
therefore,  exposed  to  the  toxic  effects  of  TNT  during  manufacture,  filling  of 
bombs  and  shells  and  during  washing  of  expired  or  unused  bombs.  Another  source 
of  exposure  to  TNT  is  during  washing  of  the  physical  plant  facilities. 

TNT  is  the  roost  widely  used  explosive  because  of  its  low  melting  point. 

It  also  gained  great  importance  for  military  use  because  of  its  comparative 
safety  in  manufacture,  transportation  and  storage,  stability  in  contact  with 
metals  and  nonhygroscopic  nature  (2,  3).  TNT  is  also  used  as  an  intermediate 
in  the  synthesis  of  both  dyes  and  photographic  chemicalB. 

The  information  in  this  review  is  set  forth  in  10  chapters  by  categor- 
izing the  data  into:  physical  and  chemical  properties;  human  toxicity  and 
fatalities;  toxicologic  investigations  in  animals;  carcinogenicity,  mutagen- 
icity and  teratogenicity;  relationship  between  dietary  factors  and  TNT  tox- 
icity; absorption,  distribution,  bio transformation , excretion,  and  biodegra- 
dation; epidemiology;  industrial  health  hazards,  hygienic  and  safety  measures 
and  standards  for  TNT;  and  sampling  and  analysis  of  TNT.  This  section  is  followed 
by  part  B where  the  technical  summary,  concluding  remarks  and  recommendations 
are  discussed. 
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II.  PHYSICAL  AND  CHEMICAL  PROPERTIES 


The  physiological  and  eventually  the  toxicological  actions  of  n given 
molecule  are  greatly  affected  by  the  physico-chemical  properties  which,  in 
turn,  are  closely  related  to  the  chemical  constitution  of  that  particular 
subscance.  The  very  nature  of  the  present  compound,  viz.,  trinitrotoluene, 
being  extensively  used  as  an  explosive,  necessitates  a thorough  description 
of  its  physico-chemical,  properties;  thiB  helps  not  only  in  understanding 
its  hazardous  effects  on  living  creatures,  but  also  throws  more  light  on  the 
ways  of  prevention  and  treatment  of  Its  toxicity,  In  order  to  meet  the  need 
for  a comprehensive  monograph  und  to  bring  it  up-to-date  with  the  ever-expanding 
literature,  an  exhaustive  survey  of  articles  dealing  with  TNT  has  been  per- 
formed,..of  which  references  l to  1.8  were  consulted  for  physico-'  chemical  properties 
of  TNT. 

Toxic  Substances  List  Number  (1976) ( XU01750 

Chemical  Abstract  Registry  Numbers  118-96-7 
Wiswesser  Line-Notations  T6N  CN  ENT  J ANW  CNW  ENW 
Chemical  Name t -Toluene,  2 ,4 ,6-Trinitro  (CA  8th  Cl) 

-Benzene,  2-Methyl-l ,3,5-Trinitro  (CA  9th  Cl) 

Synonyms  (1)  : 

2, A ,6-Trinitrotoluene 

TNT  (The  name  used  in  this  monograph) , 

Alpha-TNT 

Sym-Trinitrotoluene 

Trinitrotoluene 

Sym- Trinitrotoluol 

Tollte 

Trotyl 

Tritol 

Triton 

Trilite 

TNT-Tolite  (French) 

2 .4 .6- Trinitrotolueen  (Dutch) 

2 .4 .6- Trinitrotoluol  (German) 

Trojnitrotoluen  (Polish) 

Molecular  Formulas  CyHsNjpe 

Structural  Formula: 


NO 


2 


C - 37.01% 
H - 2.22% 
N - 18.50% 
0 - 42.27% 
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Trinitrotoluene  In  solid  at  ambient  temperature  existing  as  yellow 
monoctinic  needles  or  colorless  orthohomblc  crystals  (2).  It  also  exists  in 
the  isomeric  forms  (2,10)  presented  Ln  Figure.  II. I,  Removal  of  these  isomers 
in  TNT  manufacture  involves  treatment  with  aqueous  sodium  sulfite  (sellite) 
in  an  alkaline  medium.  The  nucleophilic  attack  of  sulfite  ion  on  the  re- 
active meta  positions  results  in  the  formation  of  water-soluble  sodium  sul- 
fonates (11).  The  bulk  of  commercial  TNT  generally  conHiBtB  of  n-TNT;  vari- 
ous amonts  of  the  above-mentioned  iHomers  are  also  present.  The  composition 
of  a military  grade  TNT  is  mentioned  in  Chapter  X. 

Another  by-product,  namely  tatranitromethane , a Bkin  and  pulmonary 
irritant  that  is  produced  during  the  manufacture  of  TNT,  may  exist  ln  the 
crude  product  to  the  extent  of  0.12%;  it  was  assumed  that  certain  toxic  ef- 
fects observed  in  persons  handling  TNT  should  be  credited  to  this  contami- 
nant (12). 

The  following  arc  the  properties  of  pure  TNT. 

Molecular  weights.  227.111 

Melting  points  8U.9°Cj  on  molting  TNT  expands  in  volume  by  approximately  12% . 

Hoi  t ing  points  240*(!  (explodes) 

Freezing  points  80.75  .1  0 . 05 °C ; this  property  is  more  dependable  in  iden- 
tifying the  purity  of  TNT  than  Its  molting  point. 

Refractive  Index i TNT  crystals  have  the  following  values  for  sodium  lights 

1 . 54 30 ; H - .1 .6742 ; y - ,1.71  70 

Specific  gravity!  1.654 


Viscosity:  9,5  e.P  at  1 00  °0 . Moore  et  al.  (13)  found  that  the  temperature- 
dependence  of  viscosity  of  TNT  fits  by  tlu-  method  of  loost 
squares,  the  express  Ions 

•{ 

log  n - A + tt/T  + C/T 


where  A,  b and  0 are  constants  and  equal  2.78,  -2.18  x 10  3 
and  0.78  x 10  , respectively,  and  T equals  285°C. 

Solubility!  The  degree  of  solubility  of  TNT  In  various  solvents  (g/IOOg)  Is 
listed  In  the  following  tables 
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2,4,6-(cs-) 
Trinitrotoluene 
melting  point!  81 °C 


2,3,4-(0-) 

Trinitrotoluene 

112°C 


2,4.5-Cy-) 
Trinitrotoluene 
104  °C 


■J,4. ■>-(«-) 

Trinitrotoluene 
melting  points  137. 5°C 


2 ,3,5-(t-) 
Trinitrotoluene 
97.2°C 


2,3,6-(n-) 
Trinl tro toluene 
1UBC 


Figure  II.l.  S T U 1 CT URF.S  _ Oj' jrNT^T SOMKlt^ 
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Solubility  In  g/100  % of  Solvent  »t  Virtou*  T»mp«r»tur« (*C) 


50  55 


75  80 


Ethyl  iloohol 
Ethyl  «th«r 
Act  torn 
Ctrbcn  t*tt«- 
chlorldt 
Chloroform 
Ethyltn* 
dtchlarld* 
Trlchlaro- 
• thyUn* 
Chlorob«nt«no 
Ctrbon  dl- 
•ulphldt 
Htthyl  icttttt 
Sulfuric  acid 
B«n««n» 

Tolu«n« 
Trl«c«tln 
Sutyl  Curbl- 
tol  Acttttt 


158.00  1228.00 


Hygroscopicity ! Practically  non-hygroscopic  (0.03X  at  30  C and  90%  relative 
humidity) . 

Volatility:  Minimal  at  ordinary  tempetatureB . 


mm  Ha 

at 

l£ 

0.042 

80 

0.046 

82 

0.053 

85 

0.067 

90 

0.106 

100 

2.0 

190 

50.0 

245  - 250 

Flash  point:  Explodes  at  240°C 

E (activation  energy)  ■ 41.1  kcal/mole 


Specific  heat:  cal/(g)(°C) 
temperature, 


0.309 

0 


0.328 

20 


0.353 

50 


0.374 

80 


Heat  of  combustion!  3589. 5 cal/g 
Heat  of  fusion:  21.41  cal/g 

Latent  heat  of  sublimation:  28.3  kcal/mole  (14),  24.7  kcal/mole  (15). 

Latent  heat  of  volatilization:  22.7  kcal/mole  (14). 

Thermal  conductivity:  0.00055  c.al/(aec)  (cm2)  (°C/cm)  at  25°C. 

Autoignition  temperature:  275®C  (confined) | apparent  activation  energy(E)- 

24,000  cal/mol  (16). 

Coefficient  of  linear  expansion  of  cast  TNT  varies  with  crystal  aize,  but  for 

madium-aisad  crystals,  it  Is  7.7  x 1G"5  in/(in)(°C) 
in  the  range  of  -40  to  60°C. 

Hardness  of  TNT  crystals:  1.2  on  the  Moh  scale. 

Density:  Cast  TNT  has  a density  of  1.55  to  1.56,  but  the  crystals  can  be  pressed 
to  a density  of  1.6  using  a pressure  of  50,000  psi. 

Density  of  molten  TNT:  1.465  g/cm3. 

Dipole  moment:  1.37  Debye  units. 

Reactivity:  Apart  from  its  explosive  property,  TNT  undergoes  various  chemical 
reactions  with  the  following  compounds: 

1.  Aldehydes : The  methyl  group  in  TNT  is  very  reactive  t-o  aldehydic 

reagents.  Thus,  in' t tie  presence' of  the  basic  catalyst 
piperidine,  TNT  readily  condenses  with  benzaldehyde  to 
form  2 ,4 ,6-trinitrostilbene  (3)  . With  formaldehyde, 

TNT  reacts  to  give  2 ,4 ,6-trinitrophenylethanol  (2,4,6- 
trinitrophenethyl  alcohol) . 

2.  AlkalleB : TNT  reacts  with  alkalies,  aVkoxldes  and  ammonia  to  form 

dangerously  sensitive  compourfds,  e.g.,  a solid  potassium 
hydroxide  and  TNT  mixture  hursts  into  flame  at  80®C  (1) . 

3*  Amines : TNT  forms  molecular  complexes  with  aniline,  toluidine, 

naphthylamine,  and  carbazole. 

4.  Acids : Chromic  or  nitric  acid  oxidizes  TNT  with  the  production 

of  2 ,4  ,6-trinitrobenzoic  acid. 

3*  Sulfides  and  Sulfites:  Sodium  sulfide  decomposes  TNT  completely 
with  the  formation  of  non-explosive  products,  a re- 
action which  can  be  used  to  dispose  of  waste  TNT. 

Sodium  sulfite  aIbo  decomposes  TNT  with  the  formation 
of  a red,  water-soluble  product. 
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6 . Fhotoreactlvity  t 


Exposure  of  TNT*  both  aB  a solid  and  in  solution, 
to  strong  sunlight  or  ultraviolet  radiation,  re- 
sults in  the  formation  of  photodecomposition 
products.  Initially,  aqueous  solutions  of  TNT 
turn  pink  in  color;  these  gradually  darken  to 
yield,  after  a period  of  4 to  6 hourB,  a cloudy, 
rusty-orange  colored  solution  which  is  referred 
to  as  "pink  water".  Burlinson  et  al . (17)  could 
identify  only  8 photodecomposition  products  in 
pink  water.  These  products  which  amounted  to 
20%  by  weight  of  the  photolysis  products  were: 
1,3,5-trinitrobenzene,  2,4 ,6-trinitrobenzaldehyde , 

4 ,6-dinitroanthranil,  2,4  ,6-trinitrobonzonitrile 
and  4 isomers  of  dimethyltetranitroazoxybenzene , which 
have  the  structural  formulae  shown  in  Figure  11,2. 

Discoloration  of  TNT  results  in  depression  of 
the  freezing  point  and  an  increase  in  itB 
sensitivity  to  impact. 

Stability i TNT  is  one  of  the  most  stable  exploaives.  Vacuum-stability  tests 
showed  that  at  150°C  it  underwent  little,  if  any,  decomposition 
in  40  hours.  At  180°C,  however,  decomposition  began  and  it 
exploded  at  about  310°C.  After  storage  at  ambient  temperature 
for  20  years,  at  65° C for  one  year,  and  at  75®C  for  six  months, 

TNT  has  been  found  to  be  unchanged.  Furthermore,  molten  TNT 
has  been  kept  at  85°C  for  4 weeks  without  deterioration.  Molten 
TNT  can  be  solidified  and  remelted  as  many  as  50  timeo  without 
decomposition.  Nonetheless,  storage  of  TNT  at  elevated  temper- 
atures may  cause  exudation  of  an  oily  eutectic  mixture  of  impur- 
ities and  TNT. 

Sensitivity  to  Impact:  Of  all  standard  military  explosives,  with  the  ex- 
ception of  ammonium  picrate,  TNT  is  the  least  sensitive  to 
impact  and  friction  and  has  a very  high  explosion-temperature 
test  value.  However,  the  presence  of  gritty  foreign  materials 
(e.g.  rust)  renders  TNT  much  more  sensitive  to  impact,  Further- 
more, molten  TNT  is  a dangerously  sensitive  material  when  con- 
fined, i.e.  enclosed  in  a container,  according  to  results  of 
impact  testing  of  solid  or  molten  TNT,  at  temperatures  ranging 
from  -40  to  110°C  (1), 

Crude  TNT  usually  contains  various  amounts  of  impurities  among  which 
are  8-  and  y-  isomers,  traces  of  trinitrobenzene,  trinitrobenzoic  acid, 
dinitrotoluene  and  tetranltromethane. 

Purification  of  TNT  1b  accomplished  by  washing  crude  TNT  with  aqueouB 
sodium  sulfite  solution  (16%)  which  is  strongly  nucleophilic  towards  activated 
aromatic  nitro  group  sites.  Thus  the  5-  nitro  of  TNT,  and  the  3-  nitro 
groups  of  3-  and  n-TNT  are  readily  displaced  by  sulfite  ion,  which  results 
in  the  formation  of  the  water-soluble  dinit rotoluenesulfonateB. 
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2,2' ,6 ,6'-tetranitro- 
4 ,4 ' -azoxy toluene 


? 


4,4' ,6,6'-tetranitro 
2, 2 '-azoxy toluene 


2' .i-dlmethyl-S.a'S.S'- 

tetranltro-ONN-azoxy  benzene 


2, 4' -dime thy 1-3, 3'  ,5,5'- 
tetranitro-ONN-azoxy benzene 


NO  2 


Figure  II. 2,  8JRU5IUM,  £QMMfi  Q£  SQMK-Pi7,  IHE  PHOTomiS.  PRODUCTS 
OF  TNT. 

ref.!  Burllnaon  et  al.  (17). 
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111.  HUMAN  TOXICITY  AND  FATALITIES 


\ 


It  was  not  until  the  manufacture  of  TNT  began  on  a large  scale  in  World 
War  1 that  serious  illness  appeared  among  men  and  women  employed  in  handling 
this  compound.  The  danger  of  nitrous  fumes  that  escape  during  the  manufacture 
of  TNT  is  ny  far  less  hazardous  to  health  than  TNT  itself.  While  acknowledging 
the  fact  that  TNT  is  the  main  source  of  toxicity  for  workers  Ln  ordnance  plants, 
exposure  to  fumes  of  other  substances  during  its  manufacture  may  predispose 
and/or  contribute  to  the  toxicity  of  TNT;  a comment  on  the  effect  of  other 
fumes  is,  therefore,  warranted. 

Exposure  of  TNT  workers  to  fumes  in  nitrating  rooms,  where  toluene  is 
mixed  with  sulphuric  and  nitric  acidB,  causes  clinical  symptoms  that  are  termed 
by  Hay thorn  (19)  "ucute  gassings1'.  These  symptoms  are  not  due  to  TNT 
alone,  but  largely  to  nitric  acid  fumes,  nitrous  oxide,  methane,  hydrogen  and 
chlorine  gases.  Individuals  that  are  exposed  to  these  gaseB  become  choked, 
develop  cyanosis  and  sometimes  lose  consciousness.  Severe  bronchitis  and  edema 
of  the  lungs  occasionally  follows.  Complete  recovery  after  several  days  usually 
ensues,  although  bronchopneumonia  and/or  lobar  pneumonia  may  occur.  The 
usual  respiratory  flora,  with  n predominance  of  pneumococci,  streptococci 
and  staphylococci,  were  revealed  on  microscopic  examination  of  sputa  from  bron- 
chitis cases. 

During  World  Wars  I and  II,  severul  fatalities  from  TNT  poisoning  were 
reported  (20-22)  especially  among  workers  who  were  exposed  to  either  TNT  fumes 
or  dust,  or  those,  whose  skin  contacted  this  compound.  • Examination  of  more  than 
100  cases  of  TNT  Intoxication  revealed  that  the  greatest  danger  of  exposure  appears 
during  the  melting  of  TNT  (22).  However,  like  other  aromatic  nitro  compounds,  TNT 
may  be  produced  and  handled  without  Injury  to  the  exposed  persons  if  rigid  hygi- 
enic measures  are  enforced.  In  fact,  tills  Is  the  reason  why  there  have  been  only 
occasional  reports  of  deaths  due  to  TNT  poisoning  since  World  War  II. 

In  view  of  the  fact  that  TNT,  like  other  nitro  compounds,  exerts  its  toxic 
effects  mainly  on  the  liver  and  the  hemopoietic  ByBtem,  a detailed  description 
of  its  effects  on  these  organs  is  mandatory.  However,  TNT  is  not  without  harmful 
effects  on  other  organs,  and,  therefore  the  effects  of  TNT  on  individual  organs, 
e.g,,  liver,  heart,  blood,  blood  vessels,  eyes,  kidneyB  and  other  tissues  , are 
presented.  This  section  is  followed  by  a discussion  of  clinical  manifestations 
and  treatment  of  TNT  Intoxication;  then  a rapid  survey  of  fatalities  duo  to  TNT  Is 
briefly  mentioned. 

1 • TOXICITY  TO  VARIOUS  ORGANS 

To  define  the  toxicity  of  TNT  for  each  organ  system  and  to  ascertain  the 
contribution  of  each  of  these  systems  to  the  general  picture,  the  effect  of 
TNT  on  each  system  will  be  briefly  discussed. 

A . Hepsto toxicity 

Toxic  hepatitis  and  nplnstic  anemia  are  the  main  causes  of  death  In  TNT 
poisoning.  During  World  War  T,  7,000  eases  of  TNT  Intoxication  were  reported  to 
have,  occurred  in  a 20  month  period  in  one  plant  in  the  United  States,  .105  of 
whirl)  ended  fatally  (1.5%)  (23).  Tn  the  period  between  191ft  and  1941,  there. 
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were  475  cases  of  toxic  jaundice  In  British  ammunition  plants;  of  these  125 
died  (26.3%) , During  World  War  II,  however,  the  number  of  fatalities  signifi- 
cantly decreased;  22  fatalities  occurred  in  the  United  States,  of  which  S 
died  of  toxic  hepatitis.  Evans  (24)  also  reported  seven  cases  of  TNT 
jaundice  in  workers  in  a TNT  factory,  of  whom  two  ended  fatally.  Autopsy 
revealed  acute  yellow  atrophy  of  the  liver  and  hyperplasia  of  the  bone  marrow 
in  one  case  and  acute  liver  necrosis  in  the  other. 

Liver  steatosis  was  reported  by  Hassmati  and  Hassmanova  (25)  in  a 55-year- 
old  man  who  was  in  contact  with  TNT  for  15  years.  Liver  damage  was  revealed 
by  the  icteric  color  of  the  conjunctiva  and  by  the  presence  of  bile  pigments 
and  urobilinogen  in  the  urine.  The  excretion  of  these  substances  and  TNT 
reduction  products  in  urine  imparts  to  the  latter  its  dark  coloration  (26) . 

Beside  the  increase  in  bilirubin  in  serum,  patients  subacutely  or  chronically 
intoxicated  with  TNT  usually  compluin  about  pain  in  the  right  subcostal  region 
and  tenderness  in  the  liver  (See  later  for  detailed  clinical  malnifestationa) . 

McGee  et  al.  (27)  considered  cases  of  hepatitis  positive  if  any  two  of  the 
following  could  be  detected: 

1.  Excess  bile  pigment  in  the  urine 

2.  Impaired  liver  function  teat 

3.  Icterus  index  above  six 

4.  Palpable  tender  liver 

Symptoms  of  toxicity  can  be  divided  into  two  stages:  the  first  stage  is 
characterized  by  symptoms  of  catarrhal  jaundice  while  the  second  is  usually 
a rapidly  fulminating  acute  atrophy  of  the  liver  (28) . 

As  to  the  mechanism  by  which  TNT  brings  about  liver  damage,  Al'perin  et  al, 

(29)  concluded  that  it  is  a direct  effect  on  the  liver  cells.  Jaundice  appar- 
ently follows  degeneration  and  the  consequent  obliteration  of  the  bile  capil- 
laries, and  is  due  to  some  form  of  toxemia  which  damages  the  liver  cells  pro- 
ducing subsequent  autolysis  and  destruction  (28) . 

Detection  of  Liver  Damage 

In  an  effort  to  prevent  liver  damage  due  to  TNT,  laboratory  tests  were 
performed  as  early  as  possible  to  diagnose  any  jeopardy  to  the  liver.  For  this 
reason  liver  function  tests  were  used  in  TNT  plantB.  The  thymol  turbidity  test 
br  developed  by  MacLagen  and  modified  by  Daniel  (23)  was  used  to  detect 
liver  impairment.  Though,  in  the  strictest  sense,  this  is  not  a liver  function 
test,  as  Daniel  reported  "it  furnished  evidence  of  liver  cell  irritation"  and 
"has  proved  mbst  gfctiafactory".  Presertt^day  laboratory  teBtB  utilized  in 
screening  TNT  workers  for  liver  impairment  include  serum  glutamic  oxaloacetic 
transaminase  (SGOT)  and  lactic  dehydrogenase  (LDH) . There  are  no  tests  re- 
ported, however,  which  determine  TNT-specific.  hepatic  impairment. 

B.  Hemotoxiclty 

Early  findings  of  the  effects  of  chronic  TNT  toxicity  on  blood  created  a great 
deal  of  controversy.  Thus,  while  the  presence  of  nucleated  red  celts,  polychromato- 
phila,  anisocytosia  and  poikilocytosis  were  first  mentioned  in  1915  by  Collins,  as 
cited  by  Cone  (30),  aa  the  major  blood  changes  in  individuals  exposed  to  TNT, 
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Panton  (31)  two  yeara  later  studied  the  blood  of  30  female  workers  exposed  to  TNT 
(no  concentration  Riven)  and  noticed  no  significant  changes  in  erythrocytes,  hemo- 
globin or  color  Index.  Smith  in  1918  (32)  noticed  no  change  in  blood  cells  and 
hemoglobin  of  25  men  that  wore  employed  for  5 months  or  longer  where  TNT  in  its 
finely  powdered  form  was  used  in  the  filling  of  Bhells.  This  is  in  agreement  with 
Brill  ct  a]  . (33)  who  reported  a study  of  17  workers  in  very  intimate  contact 
with  TNT  for  7 1/2  hours  daily.  Blood  changes  were  monitored  weekly  for  a 
consecutive  8-week  period.  Except  for  a transitory  Initial  leukocytosiH  and 
moderate  eosinophtlin,  no  .significant  changes  In  the  blood  picture  were  found. 

In  a review  of  TNT  toxicity,  Cone  (28)  reported  blood  changes  brought  about 
by  exposure  to  TNT.  lie  stated  that  about  60%  of  the  workers  have  shown  an 
early  transitory  leukocytosis  and/or  erythrocytosis,  duo  probably  to  initial 
stimulation  of  the  hematopoietic  system.  Determination  of  TNT  concentration 
in  air  in  chat  plant  revealed  a range  of  0.5  to  2.0  mg/nr  (30).  Despite 
these  findings,  several  authors  indiciated  the  deleterious  affects  of  TNT 
on  blood  and  blood-forming  organs.  For  instance,  during  World  War  11,  24 
cauon  of  aplastic  anemia  due  to  RNT  were  reported  by  Crawford  (34)  in  the 
United  Kingdom.  Of  these  cases  9 porsonu  recovered  and  15  died.  TNT  has 
been  reported  as  the  cause  of  aplastic  anemia,  thrombocytopenia,  and  agranu- 
locytosis (35) . The  effect  of  TNT  on  blood  element!  and  blood-forming  tis- 
sues will,  therefore,  be  mentioned  in  detail. 


1,  Effect  on  red  blood  cells 


Minot,  In  1919,  (3ft)  showed  evidence  that  with  a very  minimal  amount  of 
TNT  entering  the  body,  the  formed  elements  of  blood  may  bo  maintained  at  a 
slightly  higher  level  than  normal.  This  stage  of  stimulation  in  which  all  the 
marrow  elements  are  kept  above  normal,  may  be  masked  by  the  destruction  of  the 
same  when  the  amount  of  TNT  is  too  great.  Exposure  to  TNT  may  cause  hemolysis 
of  red  blood  cells,  reduction  in  their  oxygen-carrying  capacity  by  the  formation 
of  methemoglobin  (37)  and  nitric  oxide  hemoglobin  (36),  and  permanent  fixa- 
tion of  their  pigment  in  the  form  of  sulf hemoglobin . A study  of  the  rate  at 
which  methemoglobin  and  sulphemcglobin  are  removed  from  blood  of  TNT  workers 
showed  that  while  methemoglobin  is  extracted  by  iAtvncellulur  reducing 
enzymes  within  2 to  5 duvs  after  removal  of  workers  from  contact  with  TNT,  the 
latter  substance  persisted  For  11.6  days,  the  lifetime  of  red  blood  cells  (38,).  At 
the  beginning  of  exposure,  a slight  degree  of  anemia  may  persist  for  several  weeks, 
while  the  bone  marrow  maintains  its  capacity  to  produce  blood  cells. 


Crawford  (25)  reported  the  blood  picture  of  27  cases  of  TNT  intoxication.  Red 
blood  cell  counts  were  further  decreased  in  many  cases  due  to  bleeding  from  the 
gums  and  nose,  retinal  hemorrhage  (3  cases),  conjunctival  hemorrhage  (2  cases), 
and  menorrhagia  (2  cases).  The  red  blood  cell  counts,  as  given  by  Crawford  (1954) 
were  as  follows:  (normal  range/mm3 :men  "4.5  to  6 million;  women  "4.3  to  5.5 
million) ) 

RPC.  Count /mm 3 No.  of  cas  e s 


630.000  l 

730.000  1 

1.000. 000  or  less  5 

1,500,000  or  less  11 

3.000. 000  or  less  5 
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No.  of  caaeB 


RBC  Count/nan^ 


3.380.000  1 

2.790.000  1 

3.504.000  i 

no  record  1 


The  hemoglobin  content  of  the  patients  who  died  fell  by  12%  in  one  cobc, 

14%  in  one,  17%  In  one,  20%  In  one,  21%  In  two  ami  was  present  in  varying  quan- 
tity up  to  50%  in  the  remainder.  However,  the  hemoglobin  content  of  those  who 
recovered  was  17%  (one  case),  18%  (one  case),  20%  (one  case),  26%  (one  case) 
and  varying  up  to  70%  in  the  remaining  eight.  A decrease  in  hemoglobin  content 
of  red  blood  cellB  of  more  than  10%  was  considered  a dangerous  sign  (34). 

As  to  the  size  of  red  blood  coIIb  (taking  the  normal  mean  corpuscular 
diameter  as  from  6.6  to  7.7  y) , Crawford  (19)  reported  upon  8 caseB  of  ma~ 
crocytic  anemia  (up  to  8,4  p)  and  2 cases  of  megnlocytie  anemia  (up  to  10  p). 

The  most  noxious  effects  of  TNT  on  blood,  so  far  observed,  are  the  hazardous 
depression  of  erythropoiesis  in  the  bone  marrow  and  the  formation  of  methemo- 
globin.  Brunetti  and  Grignani,  in  1959  (39),  reported  upon  3 caseB  of  hemolytic 
anemia  caused  by  TNT  in  patientB  that  were  deficient  in  glucose-6-phosphate 
dehydrogenase  (G6PD) , and  who  showed  decreased  content  and  stability  of  reduced 
glutathione.  Later,  Djerussi  and  Vit.any  in  1975  (40)  reported  upon  another 
3 cases  of  hemolytic  episodes  in  G6P0-def Ic lent  workers  exposed  to  TNT.  The 
most  striking  common  feature  in  these  cases  is  the  onBet  of  the  disease  which 
occurred  within  2 to  4 days  after  the  start  of  exposure.  The  authors  recommend 
that  investigation  of  G6PD  activity  of  red  blood  cells  in  pre- emoloyment  exam- 
ination of  prospective  TNT  workers  should  be  considered. 

Though  hemolytic  anemia  was  noticed  in  some  G6PD~def icient  persons,  it  is 
aplastic  anemia  that  claimed  the  life  of  several  TNT  workers.  Aplastic  anemia 

is  a rare  disease  that  has  a death  rate  of  3.5  to  5.4  per  year  per  million  of 
the  population  of  the  U.  S,  A.  (41).  However  a number  of  cases  of  fatal  aplastic 
anemia  due  to  TNT  Intoxication  has  been  reported  (34,36,42-48).  In  certain  suscepti- 
ble persons  the  bone  marrow  may  be  damaged  by  TNT  regardless  of  age,  physical 
characteristics  or  previous  employment.  Most  of  these  cases  have  had  their  onset 
during  or  immediately  after  a fairly  long  period  of  exposure  to  TNT.  Furthermore, 
several  cases  of  aplastic  anemia  were  preceded  by  an  episode  of  toxic  Jaundice  or 
hepatitis.  In  one  of  these  cases  (45),  a woman  aged  35  showed  pronounced 
jaundice  after  one  month  of  exposure  to  TNT.  Two  monthB  Inter  she  recovered 
completely  from  jaundice  but  nine  weeks  later,  the  patient  showed  clinical  and 
laboratory  evidence  of  aplaBtic  anemia  and  died.  Her  liver  showed  typical 
nodular  hyperplasia  designated  as  subacute  necrosiB.  However,  Hayhoe  in  1953, 

(46)  reported  upon  a case  of  aplaBtic  anemia  occurring  8 years  after  TNT  exposure. 
Since  aplastic  anemia  could  develop  after  a latent  period  from  an  attack  of 
toxic  jaundice,  the  case  history  reported  by  Hayhoe  will  be  summarized.  The 
patient,  male,  45  years  old,  suffered  from  toxic  jaundice  two  months  after  expos- 
ure to  TNT  in  1943.  Icterus  persisted  for  2 weeks.  After  full  recovery  he 
was  employed  in  another  department  of  the  same  factory  dealing  with  ammonium 
nitrate  and  aluminum  dust,  for  a further  two  and  » half  years.  Later,  he  worked 
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for  a abort  period  In  n brewery  and  an  ice  cream  factory  befoie  Joining  t tit* 
water  works  where  he  spent  5 years  before  he  was  admitted  to  the  hospital. 

Sternal  marrow  examination  revealed  aplusia  of  red  cells,  and  granulocytes  with 
601  lymphocytes.  Treatment  with  Iron  and  vitamin  Bjj  did  not  produce  any 
hematological  Improvement,  and  transfusion  of  2.8  liters  of  blood  was  given. 

The  hemoglobin  level  fell  steadily  at  a rate  of  1 g%  every  5 to  7 days.  About 
1 months  after  admission,  the  patient  became  comatose,  developed  respiratory 
failure,  and  died.  Post-mortem  examination  revealed  a large  spreading  hem- 
orrhage extending  throughout  the  left  cerebellar  hemisphere,  submucosal  hem- 
orrhage throughout  the  small  Intestine  and  In  the  renal  pelvis;  the  hemopoietic 
marrow  of  the  femur  was  completely  replaced  by  yellowish  fat.  Spleen  and  liver 
were  congested  and  gave  a positive  prussian  blue  reaction. 

LX . Effect  on  white  h.lood  cells 

Hamilton  fa  1946  (47)  studied  the  blood  picture  of  105  individuals  exposed  to 
TNT  und  142  others  not  exposed.  Rosuits  showed  that  an  early  reaction  to  TNT  in- 
toxication is  an  increase  in  the  large  mononuclear  leukocyte  count,  and  usually 
this  effect  precedes  any  symptoms  of  illness  from  poisoning  with  thiH  compound. 

This  effect  remains  positive  for  two  to  three  months  and,  therefore,  can  be 
used  as  a test  for  differential  diagnosis  of  TNT  poisoning  even  if  Webster's  test 
is  negative  (see.  Chapter  X)  . 

The  white  cell  count  in  11  fatal  cases  of  TNT  toxicity  varied  from  100  to 
4,800  per  mm3,  being  2,800  or  less  in  eight  cases.  The  count  in  9 patients  who 
recovered  varied  up  to  5,200  per  mm3,  the  lowest  record  was  2,000  (one  case)  and 
2,200  (two  cases)  (normal  white  cell  counts  range  from  5 to  10  thousand). 

The  differential,  white  cell  count  was  recorded  in  only  12  of  these  fatal  cases 
and  was  as  follows  (-M)t 

a.  Polymorphonuclear  leukocytes  (normal.  ■ 40-60%  of  total,  white  blood  cell  count) 
% of  white  cells  number  of  cases 


0-4 

4 

(agranulocytosis) 

7 

1 

8-25 

6 

62 

1 

(massive  hemorrhage) 

In  the  9 patients  who  recovered,  the  lowest  neutrophil  values  varied  between 
28  und  84% , 

b.  Lymphocytes (normal  range  20  to  40%  of  total  white  blood  cell  count) 

The  lymphocytes  made  up  31%  of  the  white  blood  cells  in  one  case  (a  woman 
with  severe  uterine  bleeding),  but  averaged  78%  in  9 of  the  fatal  cases  (61  to 
92%).  On  the  other  hand,  lymphocytes  averaged  48%  in  pntlerij-s  who  recovered. 
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c.  Monocytes:  (normal  range  4 to  8%); 

The  percentage  of  monocytes  In  10  of  the  fatal  cases  varied  between  3 
and  9'/,  of  the  white  blood  cells;  in  aplastic  anemic  patients  who  recovered 
the  range  was  2 to  87, . 

lit  , El  feet  on  blood  platelets 

In  some  cases  of  TNT  intoxication*  the  number  of  platelets  decreases.  The 
low  platelet  count  together  with  Increased  fragility  of  capillaries  loads  to 
■toxic  purp.ura  (34).  When  anemia  is  coupled  with  throtnoboey topenic  purpura, 
the  decline  is  lamentably  swift.  In  the  majority  of  fatal  cases  from  toxic 
jaundice  due  to  TNT  toxicity,  a purpuric  eruption  hnB  also  been  noted  at 
necropsy . 

1 v . Effect  on  hone  marrow 

The  first  reaction  of  the  hemopoietic  tissues  to  TNT  poisoning  is  hyper- 
plasia of  the  bone  marrow;  the  shaft  of  the  femur  and  the  ribs  are  usually  filled, 
to  a surprising  degree,  with  active  red  mnrrow  (34).  However,  with  further 
intoxication,  the  blood  forming  tissues  begin  to  fail  and  the  bone  marrow 
becomes  hypocellular . Similar  findings  were  obtained  by  Germini  ct  ul.  (1956, 

48),  who  examined  13  cases  of  light  chronic  TNT  intoxication.  The  bone  marrow 
showed  hyperplasia,  myelocytes  with  toxic  granulation,  eosinophil la , giant 
platelets  and  increased  reticular  elements.  Minot  (36)  ascribes  the  hyperplasia 
to  the  increased  oxygen  demand  caused  by  the  altered  hemoglobin,  as  well  as  the 
products  of  blood  destruction. 

C . Cardiotoxiclty  " 

Soboleva  in  1969  (49)  studied  150  TNT  workers,  134  of  whom  had  been  ex- 
posed for  more  than  5 years.  Physical  examinations  revealed  dullness  of  the 
firBt  heart  sounds  In  96  patients,  aystolic  murmur  in  35,  bradycardia  (40-62 
beats/min)  in  63,  systolic  hypotension  In  39,  diastolic,  hypotension  in  18,  and 
simultaneous  systolic  and  diastolic  hypotension  in  44.  Further  testing  showed 
EKG  abnormalities;  left  or  right  deviation  of  the  electrical  axes  of  the 
heart  in  75;  reduced  atrial  conduction  in  34;  reduced  atrioventricular  conduc- 
tion in  3;  reduced  intraventricular  conduction  in  3;  low-voltage  QRR-c.omple.x 
and  reduction  of  the  height  of  T-wnvcs  in  97;  Tyi  > Ty(>  syndrome  in  27;  pro- 
longation of  the  isometric,  contraction  phusc  of  the  left  ventricle,  in  28; 
prolonged  phase  of  asynchronous  contraction  in  5;  and  prolongation  of  systole 
in  34  cases.  There  was  a dose  dependent  relationship  between  myocardial  status 
and  degree  of  occupational  exposure.  Myocardial  dystrophy  war  diagnosed  in 
84  of  120  examinations  of  heart  function.  Tt  should  be  noted  that  there,  were 
38  men  and  112  women  in  this  study,  and  that  90%  of  them  were  under  40  years 
of  age. 

D . Vaso toxicity 

The  occurrence  of  cutaneous  and  mucosal  hemorrhages  us  well  as  nnsal 
bleeding  in  workers  exposed  to  TNT,  motivated  Vyeluih  (50)  to 
study  capillary  permeability  and  strength  Ln  •82  workers  suffering  from  INI 


intoxication  due  to  exposure  for  3 to  32  years.  These  workers  included  both  men 
and  women,  59  of  whom  were  under  40  years  of  age.  Vascular  permeability  was 
found  normal  only  in  14  workers  and  was  increased  in  the  remaining  68,  espe- 
cially for  proteins.  Compared  to  a control  group,  patients  suffering  from 
chronic  TNT  intoxication  showed  Increased  vascular  permeability  in  both  directions, 
i.e.,  from  the  vessel  into  tissues  and  vice  versa.  These  clinical  findings 
were  confirmed  by  experimental  studies  on  dogs  receiving  an  8%  TNT  suspension  in 
oil  3 times  a week  for  9 to  11  months.  Histological  and  hiBtochemical  methods 
revealed  morphological  signs  of  an  increased  vascular  permeability,  e.g.,  peri- 
vascular edema,  sclerosis  and  depletion  of  acid  mucopolysaccharide  in  the 
vessels  of  various  organs.  The  author  claimed  that  changes  in  both  capillary 
permeability  and  fragility  can  be  used  as  a method  of  diagnosis  of  the  early 
symptoms  of  toxicity. 

E.  Toxicity  to  Pancreas 

The  exocrine  activity  of  the  pancreas  of  74  workers  with  clinical  mani- 
festations of  chronic  TNT  intoxication  was  assessed  by  Kleiner  in  1966  (511  who 
studied  the  activity  of  pancreatic  enzymes  (trypsin,  amylase,  lipase)  and  of 
the  blood  serum  (total  and  atoxyl-resistant  lipase,  diastase),  after  administering 
a weak  solution  of  hydrochloric  acid  or  glucose  to  the  workers.  Functional 
disorders  of  the  exocrine  activity  of  the  pancreas  of  the  majority  of  patients, 
in  the  form  of  dyspancreatism  of  enzymes  of  the  pancreatic  Juice  and  diastase 
deviation  after  double  load  with  glucose,  were  observed.  Five  years  later,  the 
same  author  in  1971  published  his  results  on  3 dogs  chronically  intoxicated  with 
subcutaneous  injections  of  small  doses  (0.1,  1.0  and  5.2  mg/kg)  of  TNT  for  1.5 
years.  Functional  disorders  of  the  secretory  activity  of  the  pancreas  and  mild 
morphologic  changes  in  the  acinous  apparatus  were  noticed  (52.) . 

F . Dermatotoxicity 

According  to  Schwartz  (53)  dermatitis  begins  after  5 or  more  days  of  . 
exposure  to  TNT  and  is  often  found  at  the  points  of  friction  such  as  the  collar 
line,  the  belt  line  and  the  ankles.  It  usually  starts  between  the  fingers  and 
the  free  edge  of  the  palms  with  a superficial  erythema  which  soon  shows  vesi- 
culation  (28).  It  is  more  serious  during  hot  weather.  The  dorsa  of  the  hands 
show  edema  and  even  the  forearms  up  to  the  elbows  may  be  affected.  Seeberg 
(54)  reported  that  skin  lesionB  in  explosive  industry  workmen  healed  when 
they  ceased  working  with  TNT.,  A detailed  description  of  skin  eruptions  and 
suggested  formulae  for  treatment  were  mentioned  as  early  as  1916  by  White  (55 ) . 

Schwartz  (56)  stated  that  dermatitis  is  more  prevalent  ^here  TNT  Lb 
melted  and  poured  into  shells  than  in  any  other  part  of  the  operation. 

Constitutional  factors,  personal  hygiene  and  degree  of  skill  of  the  worker 
all  contribute  to  susceptibility  to  dermatitis.  Historically,  TNT  workers  be- 
lieved that  beer-drinkers,  and  possibly  also  tea-drinkers  and  neurotic  women 
were  more  prone  to  dermatitis  after  occupational  TNT  exposure  (18). 

G.  Oculotoxlclty 

Cataract  formation,  as  a result  of  chronic  trinitrotoluene  toxicity , has 
been  reported  in  several  workers  (57-611 , Hassman  and  Juran  reported  cata- 
racts in  26  cases  out  of  61  i arsons  (average  age  44.5  yrs)  working  with  TNT  for 
an  average  of  8.4  yrs  (62,  63).  in  many  individuals,  cataracts  occurred  without 
other  signs  of  TNT  intoxication  suggesting  that  the  cataractogenic  effect  of 
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TNT  may  be  due  to  direct  effect  on  the  lens  (63,  64).  The  appearance  of  a 
cataract,  according  to  Manoilova. (65)  1b  often  the  first  and  only  sign  of  the 
presence  of  TNT  in  the  organism,  and  this  process  does  not  always  parallel 
cllnico-hematological  changes,  Crystalline  lens  opacities  may  occur  after 
vascular  impairment  to  this  region  of  the  eye,  which  creates  disturbances  in 
local  metabolic  processes.  The  physical  state  of  the  TNT,  workroom  conditions, 
duration  of  occupational  exposure  and  individual  susceptibility  to  TNT  all 
influence  the  degree  of  severity  of  cataracts  (65) . The  development  of  a TNT 
cataract  is  gradual  and  usually  takes  several  years,  depending  on  the  extent 
of  exposure.  Tyukina,  in  1967  (66)  reported  that  cataracts  developed  within 
2 to  3 years  in  men,  and  within  6 years  in  women  significantly  exposed  to 
TNT  vapor  and  dust.  Changes  in  the  state  of  the  crystalline  lenB  occurred 
within  5 to  6 months,  and  four  stages  can  be  distinguished  in  the  course  of 
cataract  developments  appearance  of  peripheral  duBt-like  opacities’,  distri- 
bution of  opacities  to  cortical  layer;  Increase  in  density  of  opacities;  and 
finally,  increase  in  size  of  opacities  witfl  the  peripheral  lens  remaining 
transparent.  These  features  were  described  as  characteristic  of  TNT-lnduced 
cataracts,  which  could  easily  distinguish  this  cataract  from  lens  opacities  of 
different  etiologies  (66). 

Development  of  cataracts  was  retarded  and  even  a partial  resolution  of  the 
opacities  occurred  when  contact  with  TNT  waa  stopped  during  early  stages  of  cata- 
ract formation.  Furthermore,  local  oxygen  therapy,  free  base  cysteine  instilla- 
tion and  iontophoresis  resulted  in  partial  resolution  of  the  cataract,  even  when 
work  with  TNT  was  continued.  The  only  reported  attempt  to  produce  cataracts  in 
animals  was  in  1964  when  Pen’kov  and  Shershevskaya  (67)  introduced  into  the 
vitreous  body  of  rabbits  and  guinea  pigs,  under  local  anesthesia,  a granule  of 
TNT.  Widespread  leaions  of  the  crystalline  lens  and  of  the  posterior  part 
of  the  uveal  tract  occurred  after  one  day.  No  visible  changes  were,  however, 
noticed  in  the  iris. 

Munition  workers  usually  develop  irritation  of  the  eye;  toxic  effects  on 
the  optic  nerve  are  rare  (68), 

H.  Teeth  and  Oral  Cavity  Toxicity 

Workers  in  constant  contact  with  TNT  showed  on  medical  examination  char- 
acteristic carious  and  noncarious  tooth  injury,  and  peridontal  and  oral  cavity 
mucous  membrane  disease  (69). 

I . Neurotoxicity 

Medi  :al  examination  of  19  workers  handling  TNT  revealed  a significant  de- 
crease of  the  chronaxy*  of  the  flexors  and  extensors  of  the  hand  (70,  71), 
Clinical  investigations  on  140  patients  carried  out  by  Anatovskaya  and  Liman 
in  1972  (72)  revealed  the  involvement  of  the  nervous  system  in  TNT  Intoxication. 
Neurasthenia,  nystagmus,  vagotonia,  and  hyperhidrosis  were  reported, 

Whelan,  in  1975  (73)  reported  a case  of  what  is  called  "pelletol  poisoning" 
which  is  intoxication  occurring  from  the  "nitrates"  generated  in  the  detonation 
ot  TNT  and  associated  explosive  products.  The  patient  who  was  60  years  old 
worked  as  a "powder  monkey"  for  35  years  and  became  ill  while  involved  in  doing 
some  blasting  off  the  coast  of  Alaska.  Diencephalic  seizures  were  manifested, 


*chronaxy  - the  minimum  time  required  for  excitation  of  a structure  by  a constant 
electric  current  of  twice  the  threshold  voltage. 


A recent  study  by  Kaganov  et  al.,  in  1971  (74).  showed  that  20.8%  of 
persons  having  long  contact  with  TNT  showed  various  disorders  of  the  nervous 
system,  chiefly  in  the  motor  and  sensory  neurons.  Workers  that  had  no  siRUB  of 
intoxication  showed  a definite  prolongation  of  the  optical  chronaxy  (2.5  times 
as  compared  with  the  control);  of  the  vestibular  chronaxy  (1.5  times)  and 
for  the  motor  (3  times).  Moreover,  in  50%  of  persons  examined  a disorder  in 
the  thermoregulating  reactions  to  heat  and  cold  was  observed. 

J.  Nephrotoxicity 

Examination  of  65  workers  exposed  to  TNT  versus  29  controls,  revealed  that 
in  19  cases  out  of  those  exposed  to  TNT,  a significant  rise  in  the  glomerular 
filtration  rate  was  observed  as  compared  with  the  control  group.  Those  handling 
TNT  also  demonstrated  a partial  retention  of  feodium.  These  findings  were  con- 
firmed in  experimental  animals;  thus,  after  prolonged  exposure  to  TNT,  dogs 
showed  toxic  renal  dystrophy  with  marked  anatomical  changes  in  the  glomeruli 
and  tubules  (75).  In  mild  cases  of  TNT  intoxication,  urgency,  frequent  micturation 
and  lumbar  pain  may  be  the  only  complaints  (76) . 

Kennedy  and  Ingham  in  1942  (77)  discussed  the  incidence  of  porphy- 
rinurea  among  TNT  workers  and  observed  that  the  number  of  positive  cases 
decreased  as  the  length  of  contact  with  TNT  increased. 

K.  Biochemical  Changes 

1 . Effect  on  plasma  proteinB  and  several  liver-function  testri 

Stewart  et  at.  (1945,  78)  reported  the  early  effects  of  exposure 
of  62  undergraduate  students  to  TNT  (age  was  not  specified).  These  studentB 
were  divided  into  3 groups:  group  I (44  females)  and  group  II  (8  males)  worked 
In  the  filling  shops  for  an  average  of  33  days  while  group  III  (ten  males) 
worked  for  an  average  of  18  days  in  the  filling  shops  and  15  days  in  the  melt 
houses.  The  average  atmospheric  concentration  of  TNT  was  0.3  to  0.6  mg/m3  in 
filling  shops  and  0.3  to  1.3  mg/m3  in  melt  houses.  The  following  biochemical 
findings  were  noted: 


Biochemical  test 

Percent 

change 

1. 

Blood  picture 

Hemoglobin 

Group  I 
( females) 

- 9.7 

Group  II 
(males) 

- 9.5 

Group  III 
(males) 

- 14.2 

Erythrocytes 

- 6.2 

- 9.2 

- 10.5 

Hematocrit 

- 4.9 

- 8.5 

- 10.0 

Reticulocy teB 

+140.0 

+250.0 

+530.0 

Leukocytes 

- 22.0 

- 2.0 

+ 18.0 

2. 

Plasma  proteins 

Total  plasma  protein 

-4.3 

- 6.7 

- 8.2 

Plasma  albumin 

-4.2 

- 8.1 

- 8.1 

Plasma  globulin 

-4.8 

-13.6 

-13.6 

Plasma  fibrinogen 

-3.6 

-21.6 

+ 0.8 

3. 

Liver  function  tests 

Total  serum  biliruoin 

+36.0 

+134  .0 

+179.0 

Indirect  bilirubin 

+85.0 

+ 40.0 

+410.0 

Direct  bilirubin 

0.0 

+ 20.0 

+100.0 

Plasma  phosphatase 

+ 9.0 

+ 21,0 

+ 21.0 

Hippuric  acid  teBt 

- 1.0 

- 6.0 

- 2,0 

Levulose  index 

+ 9.5 

- 9.0 

- 5.0 
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j;  These  changes  can  be  summarized  aB  follows: 

a)  A decrease  in  hemoglobin  and  circulating  blood  cells  and  an  increase 
in  the  number  of  reticulocytes  was  noticed  in  85%  of  cases. 

i 

v b)  A small  but  significant  decrease  in  plasma  proteins  occurred  in  over 

70%  of  the  students  after  exposure  to  TNT. 

c)  A significant  increase  in  the  plasma  bilirubin  was  observed  in  20%  of 
jv  |i  the  cases. 

r ' I! 

V: ! d)  No  change  in  the  levulose  tolerance  test;  an  increase  In  plasma  phos- 

■ ; phatase  in  4 cases,  and  a decrease  in  hippuric  acid  excretion  in  5 others. 

I 

: \ e)  Few  students  showed  a fall  in  vitamin  A content  of  the  blood;  however, 

no  appreciable  changes  were  noticed  in  vitamin  C or  carboxylase. 

! f)  Men  are  more  susceptible  to  the  hemolytic  effect  of  TNT  than  women. 

' j 

Li . Effect  on  SCOT  and  SGPT 

A group  of  110  workers  in  a TNT  plant  were  medically  examined  and  no 
significant  changes  in  9G0T,  SGPT  and  SDH  (sorbitol  dehydrogenase)  as  com- 
pared  with  a control  group  were  observed  (79). 

r 

CLINICAL  MANIFESTATIONS  OF  TNT  TOXICITY 

f 

The  main  pathological  manifestations  of  TNT  toxicity  are  acute  yellow 
atrophy  of  the  liver,  aplasia  of  bone  marrow,  petechial  hemorrhage  and  nephritis. 
Clinical  manifestations  will  be  discussed  under  the  following  headings:  A. 
signs  and  symptoms*  B.  findings  on  physical  examination*  and  C.  laboratory 
findings. 

A . Signs  and  Symptoms 

The  symptoms  of  TNT  toxicity  may  be  mild  and  mainly  due  to  irritation 
of  akin  and  respiratory  passages,  or  severe  and  due  to  absorption  of  a sufficient 
i amount  to  produce  toxic  symptoms . 

i . Mild  irritative  symptoms 

a.  Irritation  of  respiratory  passages  sometimes  results  in  nasal  dis- 
comfort, sneezing,  epistaxis  and  coryza.  This  is  usually  associated  with 
headache,  perhaps  due  to  nasal  obstruction,  sore  throat  and  dry  cough  (26). 

b.  Dermatitis:  Irritation  of  the  skin  by  TNT  usually  leads  to  erythema 
and  a multiplicity  of  polymorphic  skin  eruptions,  usually  on  the  parts  of  skin 
surfaces  that  are  exposed  to  TNT,  i.e.,  hands,  forearms,  neck,  wrists  and  ankles.' 
On  the  hands  skin  eruption  is  particularly  evident  between  the  fingers  and  on 

the  thenar  eminence,  and  usually  starts  as  a papular  eruption.  On  other 
affected  parts,  dermatitis  takes  the  form  of  a coalescing  papular  eruption  with 
areas  of  erythema.  Desquamation  follows,  and  may  be  severe,  leading  to  complete 
exfoliation  of  the.  hands  and  feet  (80). 
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c.  Gastritis!  Gastrointestinal  disorders  due  to  TNT  kre  Amongst  the 
first  Bigns  of  incipient  intoxication  and  are  usually  manifested  by  the  following 
symptoms!  tightness  in  the  chest  and  nausea,  with  or  without  vomiting;  anorexia 
and  constipation.  The  cardinal  symptom  is  central  epigastric  pain  that  has  no 
relation  to  food  and  is  usually  relieved  by  reBt  but  not  by  vomiting.  Slight 
epigastric  tenderness,  probably  due  to  constant  retching  and  vomiting  is  the 
only  thing  that  might  be  revealed  on  medical  examination  of  the  abdomen  (27) . 

ii.  Severe  toxic  symptoms 

Absorption  of  TNT  dust  or  fumes  through  lungs  or  skin  in  sufficient  amounts 
leads  to  precipitation  of  various  gastrointestinal,  circulatory  and/or  nervous 
involvements.  These  include! 

a.  Cyanosis!  The  most  conspicuous  sign  of  TNT  toxicity  is  cyanosis  and 
is  due  to  the  formation  of  methemoglobinemia.  TNT  workers  show  a greater  or 
lesser  degree  of  cyanosis  which  is  usually  manifest  first  in  the  lips,  tongue, 
ears,  fingertips  and  mucous  membranes.  Oxygen  dearth  is  usually  manifested  by 
fatigue,  lassitude,  headache  and  dyspnea  on  exertion  (6,  81). 

b.  Toxic  jaundices  This  constitutes  the  main  symptom  of  toxicity  that 
usually  indicates  severe  liver  damage  which  is  responsible  for  30%  of  the 
mortalities  from  TNT  exposure.  Jaundice,  which  usually  starts  in  the  conjunc.- 
tivae  and  spreads  rapidly  to  akin  may  or  may  not  bn  preceded  by  an  attack  of 
cyanosis  or  toxic  gastritis.  Kloiner  et  al>  in  1976  (82)  after  a atudy  lasting 
more  than  10  years,  of  214  workers  (of  which  92%  were  women  up  to  40  yearB  of 
age)  with  chronic  TNT  exposure,  found  that  among  the  main  clinical  manifesta- 
tions la  toxic  hepatitis  with  the  syndrome  of  gall  bladder  dyakinesia. 

c.  Aplastic  anemia!  Chronic  intoxication  with  TNT  sometimes  ends  in 
aplastic  anemia  which  la  usually  fatal  (83).  This  is  sometimes  preceded  by 
jaundice.  Gregorson  (84)  attributed  the  pronounced  fall  In  the  per- 
centage of  hemoglobin  and  polymorphonuclear  leukopenia  to  the  absorption 

of  bile  constituents  in  the  blood  due  to  disturbances  in  bile  circulation. 

d.  Cataract!  Injury  of  the  eyes  in  the  form  of  a singular  toxic  cataract 
was  observed  by  Zakharova  and  Manoilova  in  45.3%  of  the  360  cases  that  manifested 
chronic  TNT  intoxication.  It  was  claimed  that  sometimes  cataract  constitutes 
the  first  and  only  clinical  sign  of  intoxication  (85). 


e.  Menstrual  disorders,  dark  scanty  urine  and  dyaurias  Disturbances  in 
the  menstrual  cycle  of  young  women  at  TNT  plants  are  not  uncommon.  Hassman 
(86)  in  1971,  in  a review  article  about  TNT  reported  that  both  hypo-  and 
hyper-menorrhea  occur  in  women  exposed  to  TNT. 

f.  Neurological  manifestations!  Ermakov  et  al.  (87)  after  examining  574 
patients  exposed  to  TNT  found  that  neurological  disturbances  were  in  the  majority 
of  cases  functional  and  appear  in  the  form  of  neurasthenia,  nystagmus,  irregularity 
of  tendon  reflexes  and  adiadochokinesia.  Vegetative  disorders  were  also  observed  and 
were  chiefly  caused  by  a rise  in  the  tone  of  cholinergic  innervation  (vagotonia) . 

This  is  manifested  by  hyperhidrosis  of  feet  and  hands,  acrocyanosis,  and  lability 

of  the  pulse  and  arterial  pressure.  Bradycardia,  positive  clinostatic  reflex, 


poor  pylomotor  reflex  and  a change  in  diencephalic  tests  were  also  observed. 
Only  in  2.2%  of  patients,  did  Ermakov  and  his  co-workers  find  diffuse  brain 
lesions. 


B.  Findings  on  Physical  Examination 

Patients  usually  complain  of  headache  attacks  in  the  forehead  and  temple 
area,  dizziness,  heart  palpitation,  shortness  of  breath  during  physical  exer- 
cise, sweating,  deterioration  of  memory  and  sleep  disturbances.  Clinical 
examination  of  workers  handling  TNT  reveals  the  followings 

i.  Yellow  discoloration  of  the  skin,  naila  and  hair  (88),  This  is 
due  to  mere  staining  by  TNT  and  should  not  be  confused  with  the  yellowish 
coloration  due  to  jaundice.  Parts  of  the  skin  that  come  in  contact  with  TNT 
are  hard  and  brittle,  and  those  parts  where  skin  is  not  stained  are  usually 
pale  and  sallow. 

ii.  More  significant  than  the  color  of  the  skin  is  that  of  the  mucOBac. 
Usually  lips  show  distinct  bluish  coloration,  and  a Blight  yellowing 
of  the  sclera  is  not  uncommon.  Cyanoaia  and  dyspnea  are  common  (89). 

111.  Dermatitis,  in  the  form  of  pin-head  sized  papules  usually  red  in 
color  on  the  extensor  surface  of  the  forearm  is  common.  The  lesion  itches  and 
worsens  in  hot  and  humid  weather. 

iv.  Epigastric  pain  and  tenderness  and  spasm  in  the  epigastrium:  this 
tenderness  is  most  marked  in  patients  who  had  clear  signs  and  symptoms  of  in- 
toxication and  might  be  neurotic  in  nature. 

v.  The  liver  is  usually  enlarged  in  advanced  cases  and  is  distinctly 
palpable  below  the  costal  margin.  This  is  definite  evidence  of  liver  degen- 
eration and  should  be  a signal  for  removal  of  the  patient  from  work.  In  later 
cases  of  liver  degeneration,  Jaundice  is  a prominent  feature  and  might  end 
fatally. 


vi.  Cardiac  changes:  Putnam  and  Herman  (90),  examining  fifty  TNT  workers 
found  that  the  lungs  were  normal,  the  knee-jerks  and  pupillary  reactions  were 
within  normal  limits,  the  pulse  ranged  from  62  to  104,  respirations  were  from 
12  to  28  per  minute,  blood  pressure  was  apparently  not  affected  and  the  temp- 
eratures were  all  between  97°  and  99°F.  However,  this  is  in  contradiction 
with  Ermakov's  et  al>  findings  (87)  who  reported  s decrease  in  the  diastolic  and 
mean  arterial  pressure  in  patients  with  chronic  TNT  intoxication.  Furthermore, 
an  Increase  in  stroke  and  minute  volumes  (74%)  was  observed  by  the  latter  authors. 
The  actual  peripheral  resistance  decreased  for  all  patients  due  to  a decrease 
in  the  tone  of  small  vessels,  arterioles  and  precapillaries.  Long-term  exposure 
of  workers  to  TNT  resulted  in  instability  of  the  autonomic  vascular  regulation 
and  regional  cerebral  arterial  hypotension  in  62.5%  of  patients.  The  electro- 
cardiogram reveals  that  many  patients  have  bradycardia,  a decrease  in  the 
amplitude  of  the  QRS  complex,  and  a flattening  of  the  T wave.  These  changes  might 
indicate  myocardial  dystrophy  caused  by  the  toxic  effects  of  TNT.  Hypotonia 
of  the  myocardium  is  due  to  methemoglobinemia  and  anemia.  The  increase  in  the 
vagal  tone  is  reflected  by  the  flattening  of  the  T-wave,  the  increase  in  the 
P-Q  interval,  sinus  bradycardia,  and  phasic  sinus  arrhythmia. 
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vil.  CNS  manifestations : Ermakov  et  al,  (87)  also  reported  a decrease  in 
the  amplitude  of  the  brain's  bioelectric  activity  of  78  of  the  hospitalized 
patients.  The  electroencephalographic  changes  consisted  of  a decrease  In  the 
amplitude  of  biopotentials,  the  appearance  of  slowed  activity,  and  a poorer 
reaction  towards  stimuli.  These  changes  are  functional  in  nature  and  appar- 
ently caused  by  vascular  disturbances  in  the  deep  regions  of  the  brain.  They 
claim  that  the  lesions  of  the  hypothalamus  in  chronic  TNT  exposure  are  due  to 
the  high  degree  of  vascularization  in  that  particular  part  of  the  central 
nervous  system. 

C.  Laboratory  Findings 

Examination  of  urine,  stools  and  especially  blood  gives  direct  evidence  of 
the  toxic  effects  of  TNT. 

i.  Urine:  The  color  of  urine  from  patients  suffering  from  TNT  intoxication 
is  usually  darker  than  normal,  ranging  from  abnormal  amber  to  a fairly  deep 
red.  The  specific  gravity  tends  to  be  high  and  most  important  of  all  is  that 
the  Webster  test  is  positive  in  most  cases.  Urine  is  usually  acidic  and  is 
negative  to  Ehrlich's  reagent. 

li.  Stool:  TNT  could  not  be  detected  in  stools  and  therefore,  examination 
of  stool  might  not  furnish  an  important  laboratory  test. 

iii.  Blood:  Ermakov  et  al.  (87)  examined  574  persons  exposed  to  estimated 
concentrations  of  1 mg/m3  TNT  for  a period  ranging  from  6 to  25  years.  They 
found  normochromic  anemia  and  leukopenia  with  relative  iymphocy tosiB  in  22%  of 
patients;  thrombocytopenia  was  also  noted  in  50%  of  the  patients.  Details  of 
blood  changes  are  mentioned  above. 

3.  TREATMENT  OF  TNT  TOXICITY 


The  main  goals  of  treatment  of  TNT  intoxication  are  to  prevent  further  absorp- 
tion and  to  enhance  ita  excretion.  Absorption  is  prevented  by  immediate  removal 
from  all  contact  with  TNT.  If  TNT  has  been  ingested,  emesiB  or  gastric  lavage 
should  be  carried  out;  in  case  of  skin  exposure,  changing  of  any  contaminated 
clothing  and  thorough  washing  with  soap  and  water  is  mandatory.  Alkaline 
alcoho]  or  an  indicator  soap  was  suggested  (2)  to  confirm  complete  removal  of 
TNT  from  the  skin.  A saline  purge  should  be  administered  to  help  remove  TNT 
(91).  Furthermore,  supportive  measures  for  possible  or  actual  liver  damage 
should  be  included,  e.g,,  high  carbohydrate  diet  with  plenty  of  fresh  fruit 
and  vegetables.  Vitamin  C and  calcium  in  large  doses  are  claimed  to  be  of 
value  in  these  cases  (92).  Gregorson  in  1918  (84)  indicated  that  tea  and 
coffee  can  be  given  to  patientB  ad  libitum.  Furthermore,  milk,  pudding, 
barley  water,  fish  and  rabbits  can  be  provided  to  patients,  but  not  In  excess. 

He  also  mentioned  that  fatty  food  and  Baccharin  should  be  avoided.  Protective 
clothing  wsb  suggested  by  Shushkovskii  (93)  ns  prophylactic,  against  TNT 
Intoxication  in  mine  workers.  Absolute  rest  in  bed  and  warmth  are  essential. 

The  following  measures  are  usually  taken  for  treatment  of  dermatitis,  aplastic 
anemia,  Jaundice  and  cyanosis: 


21 


A.  Treatment  of  dermatltlBi  Immediate  removal  from  contact  with  TNT  is 
necessary,  and  generiilly  Is  enough  for  recovery.  However,  some  cases  proceed 
to  generalized  eczema  despite  all  treatment.  Silver  (18)  gave  the  formula 
for  "TNT  paint"  to  be  applied  to  the  affected  areas.  TNT-induced  dermatitis 
can  be  treated  by  the  application  of  mild  wet  dressings  such  as  boric  acid 
solution,  calamine  lotion  and  solutions  of  aluminum  acetate  in  the  acute  stages. 
After  the  acute  svmptoms  subside  the  use  of  boric  acid  or  zinc  oxide  ointment 
is  recommended  t53).  Should  lesions  become  infected,  antibiotic  ointments  are 
recommended  (94  ) . 

B.  Treatment  of  Aplustic  Anemia:  Removal  from  contact  with  TNT  is 
essential  and 'careful  cleansing  of  the  Bkin  to  remove  traces  of  the  TNT  Ih 
mandatory.  Frequent  transfusion  of  fresh  blood  is  of  great  importance  to 
support  life.  Other  therapeutic  measures  include  crude  liver  extract,  yellow 
bone  marrow  extract,  a high  vitamin  (C  and  B complex)  and  high  caloric  diet. 

However,  in  spite  of  intensive  treatment,,  the  prognosis  iH  extremely  grave  and 
most  cases  have  run  a very  short  course  (42).  There  Is  no  certain  favorable 
prognosis  until  the  function  of  the  bone  marrow  is  actively  restored.  Until 
recovery  of  the  bone  marrow,  extreme  care  should  be  exercised  to  guard  against 
any  infection,  an  attack  of  influenza,  or  even  un  injudicious  dose  of  sulf- 
onamide which  may,  at  any  moment,  bring  catastrophe  (34). 

Treatment  of  Jaundice;  Jaundice  is  one  very  serious  manifestation  of 
poisoning  and  is  life-threatening.  Infusion  of  glucose  and  consumption  of 
iurge  amounts  of  carbohydrate  orally  are  necessary  to  support  the  liver.  It 
should  be  noticed  that  relapses  are  common  and  patients  must  bo  watched  for 
an  extended  period  of  time. 

0.  Treatment  of  Cyanosis i Cyanosis  may  be  treated  with  oxygen  and 
carbon  dioxide  inhalation. 

4 • HUMAN  FATALITIES 

In  the  manufacture  of  explosives,  accidental  explosions  are  bo  great  a 
threat  that  they  overshadow  the  less  spectacular  but  quite  as  real  danger  of 
TNT  poisoning. 

TNT  was  first  synthesized  by  Wilbrnnd  in  1863,  and  then  gained  groat  popularity 
as  a blasting  powder  in  peace-time,  because  of  its  high  stability  as  well  as  ItH 
relative  "low  toxicity".  This  was  the  attitude  towards  TNT  up  to  the  onset  of 
World  War  I when,  because  of  reliance  on  the  "sufe"  properties  of  the  explosive, 
several  poisonings  and  accidental  explosions  occurred.  In  the  manufacture  of 
TNT,  there  is  always  danger  of  nitrogen  oxide  fumes  which  gives  rise  to  what 
is  commonly  called  "fume  sickness".  However,  there  1b  less  danger  of  Intoxication 
from  nitrogen  oxide  fumes  than  in  the  subsequent  handling  of  TNT.  It  is  in 
the  melting,  pouring,  pressing,  boring  and  planing  of  the  charges  for  shells 
that  the  greatest  number  of  cases  occur.  Both  dust  and  fumes  gain  access  to  the 
body  via  the  bronchial  tree,  and  TNT  can  be  also  absorbed  through  the  skin, 

Typical  TNT  intoxication  takes)  place  slowly  because  of  the  gradual  degeneration 
of  the  parenchymatous  organs.  Eighty-three  percent  of  cases  of  toxic  jaundice 
have  occurred  between  the  5th  and  16th  week  of  exposure  to  TNT  $5).  Death  is 
mainly  due  to  jaundice,  aplastic  anemia  or  both,  The  first  fatality  attributed 
to  TNT  intoxication  wuh  In  19.15  (96),  and  by  the  end  of  that  year,  no  less  than 
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50  fatal  jaundice  cough  resulted  among  TNT  exposed  workers  (97). 

In  1917,  Hamilton  (95)  reported  about  95  cases  of  toxic  jaundice  duo  to 
TNT'  exposure, . of  which  28  resulted  in  death,  as  declared  by  a member  of  the  British 
government.  He  added  that  703  more  cartes  of  TNT  intoxication  are  In  his  list. 
Several  fatalities  have  been  reported  since  then  (20,  98,  99).  In  the  United 
States,  within  a period  of  about  7 months  of  World  War  I,  about  17,000  c a Be  h of 
TNT  Intoxication  wore  reported,  of  which  475  ended  fatally. 

According  to  Hegyell  (100),  Telslngev  reported  about  24,000  cases  of  TNT 
Intoxication  in  the  U.S.A.,  of  which  580  died  during  the  period  of  1914  to  1918. 

In  the  same  period  384  cases  were  reported  among  munition  workers  in  England,  of 
which  90  ended  fatally.  In  Germany,  1,000  toxic  cases  were  reported  and  only  20 
developed  liver  atrophy  (98) . 

In  1927,  Fortescue  (101)  reported  TNT  exposures  among  unlisted  men 
that  transferred  2,500  tons  of  cast  TNT  charges  from  their  storage  situ.  These 
charges  had  been  in  storage  for  a considerable  period  of  time  and  u small  quantity 
of  a dark  brown  oily  liquid,  which  consisted  of  TNT  isomers  with  a small  percen- 
tage of  lower  nitrotoluo.ls , had  separated  out  and  covered  the  external  surfaces 
of  the  containers.  Toxicity  was  due  to  this  exudate  which  volatilised  rapidly 
in  hot  weather  and  was  freely  absorbed  by  skin  and  lungs. 

Because  of  strict  hygienic  and  precautionary  measures,  the  number  of  fatal- 
ities during  World  War  II  has  been  decreased  enormously.  Thus  in  the  period 
from  June,  1941  to  September,  1945,  only  22  fatal  cases  have  been  reported  (95), 

This  number  was  reported  from  all  Government -owned  Ordnunco  explosives  plants 
which  produced  95%  of  all  military  uxploaives  in  the  U.8.A,  Eight  of  these  22 
cases  died  of  toxic  hepatitis,  13  of  aplastic  anemia  and  one  who  partially 
recovered  from  hepatitis  died  from  aplastic  anemia  or  a combination  of  the 
two  conditions.  A detailed  description  of  these  22  casco  In  given  by  McConnell 
and  FI  inn  (97), 

In  1942,  seven  fatal  cases  were  reported  (102  ) , Patients  were  female8 
ranging  in  age  from  21  to  39  years;  4 of  them  died  from  toxic  jaundice,  2 of 
aplastic  anemia  and  one  from  acute  toxic  purpura. 

After  World  War  II,  the  number  of  cases  of  intoxication  dropped,  and  wore 
usually  manifested  by  "sub-clinical  events"  (98). 

Seland,  in  1951  (10.3)  reported  upon  n 70-year“oid  man  who  worked  as  a 
tunnel ler  for  15  years.  He  developed  aplastic  anemia,  which  ended  fatally 
In  one  year. 

Jaundice  and  aplastic,  anemia  are  the  most  common  causes  of  death  from  TNT 
intoxication.  However,  Crawford  (34)  examined  15  fatal  cases  due  to  TNT  in- 
toxication and  reported  the  ultimate  cause  of  death  uh  follows: 


Intractable  recurring  hemorrhages  5 cases 

Thrombocytopenic  purpura  3 cases 

Agranulocytosis  3 cases 

Anemia  chiefly  affecting  the  red  cells  1 cuhc 

Brain  hemorrhage  2 cases 

Pulmonary  embolism  1 case 
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Postmortem  Findings 

Microscopical  examination  revealed  fatty  changes  in  both  liver  and  kidneyB 
of  25  cases  of  fatal  intoxication  by  TNT  (104).  Foulerton  (105)  examined  the 
livers,  kidneys  and  lungs  of  3 women,  18  to  50  years  old,  that  died  from  TNT 
intoxication  nnd  found  the  following  pathological  changes: 

Liver:  Advanced  degeneration  and  disintegration  of  the  parenchymatous 
cells  together  with  advanced  interlobular  round-cell  infiltration  and  fibrosis 
were  observed.  A large  amount  of  fat  was  distributed  in  globulus  of  various 
size  partly  in  the  interlobular  flbrotic  tissue  and  partly  in  or  between  the 
parenchymatous  cells,  brown  granular  material  was  scattered  throughout  the 
liver. 

Kidney:  Sections  in  kidney  showed  accumulation  of  fat  and  cloudy  degen- 
eration of  the  epithelium  of  the  convuluted  tubules.  Straight  tubules  in  the 
medullary  zone  contained  brownish  material.  No  fat  globules  were  observed  in  the 
glomeruli . 

Lungs:  Microscopic  examination  revealed  marked  cellular  infiltration  of  the 
connective  tissue  stromu,  but  no  marked  exudation  into  the  alveolar  space  waa 
observed.  Numerous  fat  granules  as  well  as  small  masses  of  brownish  material 
were  scattered  through  the  interalveolar  tissues.  Similar  changes  wore  found  by 
others  (106,  107). 

SUSCEPTIBILITY  TO  TNT  TOXICITY 

Differences  in  susceptibility  to  TNT  intoxication  among  males  and  females, 
blackB  and  caucasions  or  various  age  groups  are  disputed.  Blacks  were  found 
to  bo  less  susceptible  than  whites  in  one  study  (28),  and  persons  under  ago  ’’D 
were  noted  to  be  more  susceptible  than  older  age  Rroups  in  a British  report. 
(95).  Other  studies  found  no  differences  in  regardB  to  age,  sex  or  social 
Busccptlbllitv  to  TNT  intoxication  (178). 

EFFECT  OF  EXPOSURE  TO  SUBTHRESHOLD  CONCENTRATIONS  OF  TNT 


The  U.S.  Occupational  Health  and  Safety  Administration  Standurd  for  TNT  Is  1.5 
mg/m3  in  the  U.S. A.,  and  the  maximum  allowable  concentration  in  1 mg/m3  in  the  USSR 
(86).  Exposure  to  TNT  in  concentrations  less  than  1,5  mg/m^  for  long  periods  of 
time  might  have  an  adverse  effect  on  the  health  of  workers.  Examination  of  38 
workers  at.  TNT  plants  where  thci  concentration  of  TNT  varied  from  0.1  to  1.2  mg/m3 
Hlmwed  no  sign  of  cataracts,  nor  any  significant  differences  in  hematological  and 
liver  function  tests  ns  compared  to  controls  (108).  However,  in  1976,  Morton  et 
al,  (109)  reported  the  results  of  medical  examination  of  43  workers  exposed  to 
TNT  for  8 hours /day . A significant  increase  in  Hcrum  glutamic  oxaloacetic  trans- 
aminase and  lactic  dehydrogenase  were  found  at  TNT  levels  as  low  as  0.6  mg/m3. 

Ihe  authors  questioned  the  current  value,  of  1.5  mg^m3,  suggesting  a more  adequate 
threshold  limit  value  of  0.5  mg/m3  of  TNT  in  workroom  air. 
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IV.  TOXICOLOGIC  INVESTIGATIONS  IN  ANIMALS 


Experiments  on  various  animals  are  the  basis  for  most  of  our  understanding 
of  the  toxicity  of  an  unlimited  number  of  compounds.  In  the  case  of  TNT,  experi- 
mental studies  were  stimulated  by  the  large  number  of  Ll Incases  reported  In 
munition  workers  during  World  Wars  I and  It,  of  which  n considerable  proportion 
ended  fatally.  Several  species  were  used  to  study  the  toxic  effects  of  TNT,  and 
for  convenience,  this  part  will  be  discussed  under  the  following  headings: 

1.  Toxic  dose  levels 

2.  Species  sensitivity  and  tolerance 

3.  Toxicologic  differences  between  TNT  isomers',  toxicity  of  other 
substances  generated  during  itB  manufacture 

A.  Acute  toxicity 
5.  Chronic  toxicity 

1.  TOXIC  DOSE  LEVELS 

Table  IV. 1 summarizes  various  toxic,  doses  that  have  been  reported  for  TNT. 

2.  SPECIES  SENSITIVITY  AND  TOLERANCE 


It  was  found  that,  as  in  the  case  of  other  aromatic  nitro  compounds,  the 
toxicity  of  TNT  for  animals  varies  with  different  species;  thiB  may  be  due, 
in  part,  to  its  different  fate  in  the  organism  as  suggested  by  Voegtlin  et  al . 
(110),  Thus,  cats  were  found  to  be  very  sensitive  to  TNT,  whereas,  monkeys, 
rabbits  and  rats  showed  little  sensitivity  Ctll)  • Values  of 
0.2  g/kg,  0.5  to  0.7  g/kg  and  0.7  g/kg  were  reported  to  be  lethal  for  cats, 
rabbits  and  rats,  respectively.  Furthermore,  it  waB  indicated  by  Voegtlin 
et  al.  (112)  that  there  was  a great  difference  in  susceptibility  of  individual 
members  of  the  same  species  to  TNT.  One  dog  receiving  10  mg/kg  TNT  showed  more 
severe  symptoms  than  another  receiving  30  mg/kg.  Animals  with  a slight  grade  of 
anemia  or  which  have  some  infection  are  more  susceptible  to  TNT  toxicity.  Dogs 
do  not  acquire  tolerance  to  TNT,  i.o.,  they  do  not  become  immune  to  the  toxic 
actions  of  TNT  (112), 

3 .  TOXICOLOGICAL  DIFFERENCES  BETWEEN  TNT  ISOMERS:  TOXICITY  OF  OTHER 
SUBSTANCES  GENERATED  DURING  ITS  MANUFACTURE 


TNT,  on  prolonged  storage  may  become  covered  with  an  oily  Inycr  of  the.  fi- 
end Y-  isomeric  trinitrotoluenes  which  does  not  affect  "its  efficacy  as  an 
explosive,  but  tends  to  increase  its  potential  toxicity"  (17).  Although  some 
authors  reported  that  these  Isomers  are  of  the  same  qualitative  and  quantitative 
toxicity  (110,112)  Panton  and  Bates  (1921,  113)  claimed  that  the  a-compound  is 
less  toxic  than  the.  0-,  and  y-  seems  to  be  better  tolerated  than  in  the  case  of 
a-  In  cats. 

TNT  preparation  involves  the  stepwise  nitration  of  toluene.  Exposure  to 
nitrous  fumes  (NO),  which  are  generated  during  synthesis  of  TNT,  is  one  of  the 
first  possible  sources  of  toxicity.  Panton  and  Bates,  (113),  therefore, 
exposed  rabbits  to  NO  fumes  for  various  lengths  of  time.  Their 
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TABLE  IV. 1.  TNT  TOXICITY  SUMMARY 
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findings  will  be  briefly  discussed  especially  because  they  exclude  NO  as  the 
causative  agent  of  jaundice  and  anemia.  In  one  experiment  they  exposed  a 
rabbit  (1.62  kg)  to  NO  fumes  for  a total  of  30  hours , 2 hours  at  a time;  in  the 
other  experiment  a rabbit  (1.99  kg)  was  exposed  for  2 hour  periods  nearly 
every  day  for  9 weeks,  over  a period  of  3 months.  Although  the  animal  was 
cyanotic  after  each  exposure  and  a positive  HaLdane's  test  for  methemoglob- 
inemia was  found,  five  blood  examinations  revealed  no  appreciable  changes  in 
red-cell,  white-cell,  or  differential  counts,  nor  had  bile  been  detected  in 
the  serum.  Postmortem  examination  revealed  no  changes  in  liver,  kidney, 
spleen  or  bone  marrow.  Lungs,  however,  were  deeply  congested  and  alveoli 
were  filled  with  blood.  Two  rats  were  also  treated  in  a Bimilar  manner; 
no  blood  changes  were  detected. 

In  the  following  section  of  this  monograph,  animal  investigations  on 
the  toxicity  of  TNT,  both  acute  and  chronic,  will  be  discussed.  Data  available 
on  the  toxicity  and  potential  dangers  of  TNT  bUow  considerable  diversity.  The 
toxic  effects  of  this  compound  have  been  discussed  in  detail  in  previous 
reviews  (12,  68,  100,  111,  121). 

In  view  of  the  fact  that  various  animal  species  respond  differently  to 
TNT,  it  appears  necessary  to  discuss  the  toxicity  of  TNT  on  different  species, 
both  in  cases  of  acute  and  chronic  exposure  to  this  compound. 

4 . ACUTE  TOXICITY 


Experiments  designed  to  determine  mortality  and  other  acute  toxic  effects 
of  TNT  are  presented  with  respect  to  various  species  studied. 

A.  ■ Mice 

Administration  of  TNT  (4.12%  solution  in  peanut  oil)  orally  to  mice 
resulted  in  tonic  convulsions  that  lasted  for  about  2 hours.  Values  of  1,014 
± 52  end  1,009  ± 54  mg/kg  were  reported  for  LD50  male  and  female  animals, 
respectively  (114) . 

B.  Rats 


The  acute  oral  toxic  doses  of  TNT  (4.12%  solution  in  peanut  oil)  that 
killed  50%  of  male  and  female  rats  were  .1,010  ± 41  and  820  ± 32  mg/kg,  re- 
spectively. Animals  underwent  symmetrical  coordinated  convulsions  within  5 
to  15  minutes  which  lasted  for  1 to  2 hours  after  administration.  Animals 
that  survived  respiratory  inhibition  with  associated  convulsions  usually 
appeared  cyanotic  and  ataxic,  and  completely  recovered  within  24  to  48  hours. 

A bright  red  pigment  appeared  in  the  urine  of  rats  within  10  to  20  minuteB 
after  administration  (114 )• 

Somers  and  West,  in  1944  (122)  reported  the  effects  of  administering  TNT 
on  urinary  porphyrin  output  to  male  albino  rats,  maintained  on  a daily  fixed 
weight  of  porphyrin-free  diet.  A suspension  of  TNT  in  2%  acacia  mucilage  in 
tap  water  was  given  every  2 days  for  18  days.  They  found  that  TNT  absorption 
took  place  more  rapidly  in  the  gastrointestinal  tract  than  by  subcutaneous 
injection.  Doses  higher  than  400  mg/kg  substantially  increased  the  porphyrin 
excretion,  as  shown  in  the  following  tables 
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TABLE  XV. 2.  PORPHYRIN  EXCRETION  IN  RATS 
TREATED  WITH  TNT 


Dose  of  TNT 
mg/kg 

Route  of 
Administration 

Mean  total  urinary 
porphyrin  (mg/lOOg/2  days) 
before  after 

- 

Control 

Subcutaneous 

6.1 

6.9 

200 

Subcutaneous 

4 .6 

5.5 

400 

II 

5.8 

11.3 

after  sixth 

injection 

600 

II 

4 .0 

11  .8 

" fourth 

II 

Control 

stomach  tube 

no 

change 

200 

Stomach  tube 

no 

change 

400 

II 

1.9 

6.3 

after  second 

injection 

600 

II 

5.4 

15.5 

H II 

11 

ltlmsworth  and  Glynn  (.1.15) , studied  the  acute  effectt?  of  giving  white  Wiatar 
rata  0.5  to  1.0  g/kg  of  TNT  dissolved  in  aruchia  oil,  subcutaneously.  A few 
minutes  after  Injection,  rats  passed  urine  which  was  bright  red  in  color,  and 
within  an  hour  rats  appeared  gravely  ill.  After  48  hours,  a proportion  of  the  ani- 
mals laid  limply  in  the  cage  breathing  slowly  and  weakly  and  then  "quietly"  died. 
Autopsy  showed  that  the  liver  was  shrunken  and  dark  In  color.  Microscopic 
examination  of  the  liver  showed  no  evidence  of  f tv  tty  infiltration  or  necrosis. 

Pi.do.mnky  at  al»  (123)  found  that  the  progressive  inhibition  of  phago- 
cytosis induced  by  TNT  in  ruts  can  he  prevented  by  the  administration  of  niacin. 

C.  Quin eft  Pigs 

TNT  powder  was  given  orally  to  guinea  pigs  in  a dose  of  0.2  to  0.5  g daily 

or  every  other  day  for  3 to  8 days,  with  a total  dose,  of  0.6  to  2.0  g.  Animals 

developed  severe  anemia  mostly  of  the  hyperchromic  type,  with  an  Increased  retic- 
ulocyte count,  considerable  leukocytosis  and  reduced  platelet  count  024). 

In  order  to  induce  experimental  TNT  poisoning,  Haythorn  (19)  admin- 
istered TNT  to  guinea  pigs  and  rabbits  orally,  subcutaneously  (in  oil),  by  In- 
travenous (In  serum)  injection  or  by  percutaneous  application  in  lanolin. 

Neither  the  dose,  the  dosage  schedule  nor  the  duration  of  experiments  were  men- 
tioned. However,  after  2 to  3 days  animals  excreted  brownish  liquid  stools,  and 

moderate  anemia  was  shown  in  4 to  8 days.  Cyanosis,  myocardial  depression  and 

hypothermia  were  also  noticed. 

A 4,12%  solution  of  TNT  in  peanut  oil  waR  topically  applied  to  10  guinea 
pigs  in  dermal  sensitizing  experiments  according  to  the  Magnusson  and  Kligmur 
maximization  test".  In  40%  (4/10)  of  guinea  pigs,  u moderate  sensitization 
response  was  observed  (114)  . 


1).  Rabbits 

Beside  the  experiments  on  rabbits  mentioned  above  (19),  Pecoru,  in  1949, 
(125)  found  a decrease  of  50%  in  the  total  plasma  protein  in  rabbits  In- 
toxicated by  TNT,  mainly  in  the  albumen  fraction.  Experiments  on  the  acute 
toxicity  of  TNT  on  rabbits  and  cats  were  carried  out  by  Faulcrton  Q.05  ) , Al- 
though the  number  of  animals  used  was  limited,  o clear  cut  picture  of  toxicity 
wiih  obtained,  details  are  mentioned  in  the  next  section  (4.K.) 


# A « 


Veiling,  in  1943,  Injected  guinea  pigs  with  TNT  0.8  g/kg  subcutaneousl y and 
rabbltB  with  0.65  g/kg.  Hemolytic  anemia  was  observed  in  guinea  pigB,  while 
rabbits  exhibited  hypochromic  anemia  with  acute  Leuko-  and  thrombocytopenia  (117). 

Jaffe  et  nl,  in  1973  (114)  tested  the  akin  irritating  properties  of 
TNT  in  6 rabbits  according  to  a modified  Draize  method.  The  TNT  was  prepared 
as  a 50%  paBte  with  peanut  oil.  TNT  was  a mild  skin  irritant.  A red  pigment 
appeared  under  the.  skin  patches  24  hours  after  treatment. 

Using  a similar  procedure,  6 rabbits  exhibited  no  observable  eye  irrita- 
tion In  eye  tests  with  a 50%  paste  of  TNT  In  peanut  oil.  In  24  hours  follow- 
ing the  TNT  treatment,  a red  pigment  developed  around  the  rabbits’  eyes  (114). 

E.  Cats 

To  demonstrate  the  acute  toxicity  of  TNT,  Foulerton  i.105  ) administered  this 
compound  orally  to  cats  and  rabbits.  The  results  were  similar  in  both  species 
details  of  those  in  Cuts  are  given  below.  In  this  experiment,  a ,cnt  weighing 
4.75  kg  (sex  not  specified)  was  given  2 doses  of  TNT  orally  mixed  with  food. 

The  first  dose  was  0.75  g given  at  the  start  and  the  second  was  0.5  g given  24 
hours  later.  No  symptoms  of  toxicity  were  noticed  after  the  first  dose,  how- 
ever, 19  hours  after  the  second  dose  the  cat  was  found  crouched  up  in  its  cage 
in  a semi-comatose  condition.  Occasional  convulsions  were  noted,  and  death 
occurred  49  hours  after  administration  of  the  first  dose,  The  animal  lost.  400  g 
of  its  weight  and  did  not  pass  any  urine  during  the  last  day.  Postmortem  exam- 
ination revealed  0.5  ml  of  turbid,  almost  black,  highly  concentrated  urine  in 
the  bladder.  Sections  of  the  liver,  kidney  and  spleen  revealed  the  following 
histopathological  changes:  the  liver  showed  a slight  degree  of  interlobular 
round-cell  infiltration  and  a few  globules  of  fat  were  scatttered  through  this 
liver  section.  Except  for  the  Malpighian  corpuscles  the  cortical  part  of  the 
kidneys  was  heavily  loaded  with  fat  globules}  the  medullary  portion,  on  the 
other  hand,  contained  some  brownish  material  which  did  not  stain  as  hemosiderin. 
No  pathological  changes  were  observed  in  the  spleen  and  the  author  attributed 
death  to  uremia  due  to  blockage  of  kidney  tubules. 

TNT  injected  intraperitoneally  to  cats  in  doses  of  0.10  to  0.15  g/kg 
caused  death  within  3.5  to  5.5  hours.  Doses  of  0.04  g/kg  and  over  caused 
nervous  manifestations.  Histological  examination  revealed  phagocytosis  of 
a ry throcytes , hemosiderosis  of  Kupffer's  cells  and  moderate  fatty  degeneration 
of  the  liver  (126). 

1’.  Doga 

Vasllescu  et  al.  (70,  71)  Injected  1.5  mg/kg  to  dogs  intravenously  and 
found  a decrease  in  the  chronaxy  of  the  hind  legs  3 to  6 hours  after  injection. 

5 • CHRONIC  TOXICITY 

As  in  the  case  of  acute  toxicity,  the  effect  of  chronic  administration  of 
TNT  to  various  animal  species  is  discussed  below.  However,  microscopic  changes 
that  were  noticed  in  various  animal  species  are  collectively  mentioned  in  a 
table  at  the  end  of  this  section  (Table  IV. 3). 


29 


A.  Monkeya 


Hart  in  1974  (224)  studied  the  oral  udminiBt ration  of  TNT  in  doBes  of 
1.0,  0.1  or  0.02  mg/kg  of  body  weight  daily,  Heven  days  a week  for  13  weeks 
(90  days).  Equal  numbers  of  male  and  female  Rhesus  monkeys,  aged  44-52 
months,  were  utilized  in  3 dosage  groups  of  6 animals  each.  Appearance, 
appetite,  motor  activity,  behavior,  weight,  hlood  chemistry,  hematology, 
urinalysis,  liver  function  testing  (BSP  clearance)  and  plasma  TNT  level 
were  studied.  Both  the  treated  monkeys  and  6 control  animals  experienced 
a 10%  loss  of  body  weight  during  the  first  week  of  the  experiment,  which  was 
partially  ascribed  to  stress.  However,  the  controls  gained  back  more  of 
the  lost  weight  than  the  treated  monkeyB.  Ophthalmoscopic  examinations  failed 
to  reveal  eye  abnormalities.  Nagging  and  vomiting  occurred  on  B occasions 
during  the  study.  In  the  bone  marrow  of  2/3  of  monkeys  fed  1.0  mg/kg  of 
TNT,  no  normal  megakaryocytes  were  noted  at  necropsy.  Although  this  finding 
could  have  been  related  to  thrombocytopenia,  no  platelet  counts  had  been 
made  prior  to  sacrifice.  The  high  dose  of  TNT  produced  greater  hemosiderin 
deposits  in  liver  cord  cell  cytoplasm  as  compared  with  hepatocyte  iron-positive 
material  in  controls.  The  toxicological  importance  of  the  liver  and  bone 
marrow  findings  were  uncertain.  No  other  abnormalities  were  detected  in 
TNT- fed  monkeys . 

B.  Rata 

The  chronic  toxicity  of  TNT  was  studied  in  white  rats.  In  one  experiment 
(115),  rats  were  given  0.15  g/kg  of  TNT  daily,  for  as  long  as  6 weeks,  mixed 
with  food  of  3 basic  diets  (protein,  carbohydrate,  and  fat  diet).  Only  rats 
receiving  TNT  mixed  with  the  fat  diet  showed  signs  of  toxicity,  which  can  be 
outlined  as  follows? 

1.  Within  half  an  hour,  a bright  red  pigment  appeared  in  the  urine,  though 
animals  did  not  appear  physically  ill. 

2.  During  the  first  few  days,  n rapid  loss  of  weight  occurred,  then  animal 
weight  stabilized  at  a new  and  lower  level. 

3.  Loss  of  weight  was  associated  In  the  first  week  with  loss  of  appetite} 
however,  appetite  was  regained  later  and  became  even  greater  than  that  of  the 
control  animals. 

4.  Within  the  first  two  weeks,  animals  showed  Bigns  of  weakness,  and  anemia 
developed  rapidly.  Liver  lesions,  which  ranged  from  fatty  infiltration  to  an 
acute  necrosis  of  the  parenchymal  cells  were  detected  in  this  time.  Blood 
changes  were  characterized  by  a decrease  in  hemoglobin,  and  the  appearance  of  normo- 
blasts, retlculoey teB  and  polychromatic  erythrocytes.  An  erythroblastic  hyper- 
plasia of  the  bone  marrow  und  siderosis  of  the  spleen  were  also  detected. 

5.  About  the  3rd  week,  animals  lost  hair  especially  between  the  scapulae. 

6.  Death  usually  occurred  within  the  first  month  or  6 weekB. 

Similar  results  were  obtained  when  male  albino  rate  were  given  technical 
grade  TNT  (GOST4117-67)  through  a gastric  tube  in  a daily  dose  of  100  mg/kg  for 
30  days  (127).  Loss  of  weight,  patchy  loss  of  hair,  hemorrhage  from  nasal 
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mucosa  and  miooiB  wore  observed.  Authors  ascribe  these  changes  to  the  increased 
consumption  of  pyridine  nucleotide-containing  enzymes  participating  in  the  bio- 
transformation of  TNT  and  in  the  breakdown  of  metiiemuglobin.  Furthermore,  they 

recommended  that  vitamins  Bg  and  PP  should  be  used  in  the  treatment  of  occupational 

TNT  intoxication. 

To  demonstrate  the  effect  of  chronic  intoxication  of  TNT  on  the  excitability 
of  the  neuromuscular  junction,  rats  were  given  30  mg/kg/day  TNT  in  2%  starch 
mucilage  orally  for  60  days  (128).  A biphaaic  response  in  the  excitability  of 
the  neuromuscular  junction  was  observed;  thus  on  the  1.5th  day  of  Intoxication 
excitability  was  reduced  while  on  25th  to  60th  it.  again  increased.  After  60 
days,  brain  homogenates  showed  a reduction  in  the  content  of  phospholipids  and 

an  Increase  in  the  diphenylamine  reaction.  These  effects  were  weakened  by  the 

administration  of  vitamins  Bj  and  PPi  Cerebral  cholinesterase  activity  did  not 
change,  while  that  in  blood  was  increased. 

To  Htudy  the  effect  of  chronic  TNT  toxicity  on  the  catecholamine  and 
serotonin  levels  in  various  organs,  rats  were  given  TNT  (0.2  g/kg)  daily  (route 
of  administration  and  duration  not  specified).  Animals  Bhowed  a decrease 
in  the  norepinephrine  level  in  heart  and  brain  two  months  after  the 
beginning  of  treatment.  (Krivitskaya  und  Frenkel,  1970,  .1  29).  A,  decrease  in 
the  serotonin  level  and  an  Increase  in  the  activity  of  monoamine  oxidase  were 
found  in  the  liver  and  brain  of  rats  given  100  mg/kg/day  of  TNT  orally  for  3 
to  30  days  (130) . Moreover,  these  ruts  showed  decreased  levels  of  total  pro- 
tein and  albumin,  and  increased  levels  of  beta-  and  gamma-globulins  In  the  blood 
serum  (130). 

Arzyaeva  in  1966,  (131)  studied  various  methods  to  determine  the  liver  function 
in  albino  rats  after  giving  0.8  mg/kg  of  TNT.  The  author's  findings  indicated 
that:  determination  of  bilirubin  In  the  blood'  serum,  ami  urobilin  in  the  urine, 
galactose-load  test,  Quick  teat,  thiopental,  hexenal  and  thymol  tests,  deter- 
mination of  prothrombin  time,  detection  of  lipoproteins  and  their  fractions 
and  the  bromaulfophthalein  teat,  are  helpful  tools  to  reveal  initial  lesions 
of  the  liver  in  email  laboratory  animals, 

0.  Guinea  Pigs 

Bizzarrl,  in  1939  (124)  exposed  guinea  pigs  to  TNT  vapors  (unknown 
concentration)  twice  a day  for  4 hrs  for  30  days.  At  the  beginning  of  the  ex- 
posure, an  Increase  In  the  number  of  erythrocytes  by  2,000,000, as  well  as  anlao- 
cytosis,  poikilocy tosis  and  polycythemia  were  observed.  TNT  was  also  adminis- 
tered orally  and  percutaneously  to  study  its  effects  when  given  by  various  routes. 

To  study  the  chronic  offectB  of  TNT  on  the  nervous  Bystem,  guinea  pigs  were 
given  TNT  by  percutaneous  administration  (74).  TNT  (500  mg  of  30%  liniment  in 
lanolin  base)  was  rubbed  into  the  skin  of  the  back,  and  the  animals  were  sacri- 
ficed on  the  2nd,  6th  and  11th  month  of  poisoning.  Histological  sections  of 
the  brain,  spinal  cord,  spinal  ganglia,  sciatic  nerves,  and  the  brachial  plexus 
were  carried  out.  Guinea  pigs  sacrificed  after  2 months  of  treatment  showed 
mlcrofocal  destruction  of  white  matter  in  the  brain  and  the  vcsbcIb  were 
severely  enlarged  and  plethoric.  Cocoon-shaped  accumulations  of  lymphoid 
cells  were  detected  around  the  boood  vessels;  in  the  perivascular  spaces  albu- 
minous fluid  wrn  found.  Vacuolization  of  the  cytoplasm  was  found  in  the  nerve 
cells  of  the  brain  stem.  Those  which  received  TNT  for  six  months  showed  dystro- 
phic processes  in  the  nerve  cells  of  the  subcortical  nuclei.  The  picture  after 
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11  months  of  toxicity  had  the  same  character.  TNT  Intoxication  resulted  in  a 
decrease  of  the  activity  of  acid  phosphatase  in  the  cytoplasm  of  the  pyramidal 
cells,  and  an  increase  in  alkaline  phosphatase  activity  in  the  endothelium 
of  vessels  and  Schwann  cells. 

I).  Rabbits 

Experiments  carried  out  at)  early  as  1920,  by  Panton  and  Bateti  (113)  failed 
to  reproduce  major  lesions  of  TNT  in  rabbits.  However,  because  of  the 

relatively  high  dose  of  TNT  that  was  dissolved  in  toluene  and  injected  subcutan- 
eously and  the  negative  results  obtained,  the  details  of  the  experimental  procedures 
are  given  below*. 


Weight  of  rabbit 
(kft) 

Dosage  Schedule 

Total  Dose  (g) 

Termination  of 
Experiment 

1.49 

50  mg/day  for  2 months 
(intervals  unspecified) 

1.15 

sacrificed 

1.12 

50  to  500  mg/day  for  2 monthB  1.70 

sacrificed 

1.40 

100  mg/day  for  3 weeks 

0.90 

sacrificed 

2.24 

500  mg  (one  dose) 

0.5 

died  after  10 

days 

No  marked  changes  in  the  blood  picture,  no  jaundice  und  no  bile  in  blood  serum 

were  detected.  To  explain  the  failure  to  reproduce  lesions  observed  in  TNT 

workers  in  experimental  animals,  they  assumed  that  poisoning  might  arise  by  a 

process  of  sensitization;  the  authors,  therefore,  injected  a 1.4  kg  rabbit  by 

alternating  doses  of  50  and  500  mg  with  one  doae  of  750  mg  at  intervals  of  10  days 

for  a total  doBe  of  2.4  g over  an  unspecified  period.  No  toxic  effect  could  be  detected. 

To  add  to  the  confusion,  they  assumed  that  the  introduction  of  colon 
bacilli  together  with  TNT  might  succeed  in  reproducing  liver  changes.  Results 
were,  nonetheless,  negative. 

The  two  major  lesions  of  TNT  Intoxication  that  could  be  demonstrated  by  the 
authors  were  only  a case  of  aplastic  anemia  induced  in  n cat  given  y-TNT,  and 
fatty  degeneration  of  the  liver  in  another  cat  which  received  TNT. 

Bela  (132)  administered  0.5  ml  of  TNT  (neither  solvent  nor  con- 
centration wore  mentioned)  orally  to  rubbits  during  the  first  80  days  and  then 
l ml  daily  for  another  22  days.  Animals  developed  anemia.  Histological  exam- 
ination of  the  brain  revealed  microscopic  hemorrhages,  hemorrhagic  meningo- 
encephalitis and  changes  in  the  vessel  walls.  Changes  were,  most  pronounced  in 
the  thalamus  and  hypothalamus. 

The  effect  of  chronic  intoxication  with  TNT  on  the  blood  picture  and  the 
blood-forming  tissue  was  experimentally  studied  using  rabbits  that  were  given 
TNT  orally  for  24  to  45  days  in  a total  cumulative  dose  of  0.06  to  0.12  g. 

Blood  and  bone  marrow  examination  revealed  the  appearance  of  target  erythro- 
cytes, and  a predominance  of  the  leukopoietic  activity  over  erythropoietic 
activity  (124). 

Pe  cor  a (.125)  found  that  rabbits  chronically  Intoxicated  by  TNT 
showed  a decrease  in  platelet  count;  no  significant  changes  were,  however,  ob- 
served in  prothrombin,  coagulation  or  clot  retraction  times. 
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Zambrano,  in  1951  (133)  administered  n weekly  doae  of  20  mg  orally  to 
rabbits  for  A to  6 weeks.  Except  for  3 rabbits,  all  animals  died  and  methemo- 
glohin  appeared  in  the  blood  of  all  animals.  The  author  assumed  that  cyanosis 
observed  is  due  to  capillary  stasis  and  formation  of  methemoglobin  (134).  How- 
ever, Agnisetta  and  Cocco  ( 135)  found  that  hemolytic  anemia  hud  not 
developed  in  rabbits  following  Ingestion  of  TNT,  yet  they  observed  an  immunological 
reaction  associated  with  an  increase  in  y-globulin. 

To  determine  the  effect  of  chronic  TNT  lntnxicnt ton  on  the  urtnnry  excretion 
of  porphyrin,  Fimiani,  (136)  administered  0.02  g of  TNT  per  week  to  n 
group  of  17  rabbits  orally  for  4 weeks;  another  group  of  3 animals  received 
0.01  g/week  for  5 weeks.  An  increase  in  the  urinary  coproporphyrin  level  which 
is  dose-dependent  wsb  observed. 

The  administration  of  TNT  orally  to  rabbits  in  a dose  of  20  mg/week  for  22 
to  55  days  resulted  in  loss  of  appetite,  sluggishness  and  the  appearance  of 
ketonemin  and  ketonuria  in  the  first  day  of  intoxication  (137). 

To  study  the  effect  of  chronic  intoxication  with  TNT  on  plasma  proteins, 
Pecora,  in  1950  (138)  administered  20  mg  powdered  TNT  orally  every  7 days  to  6 
rabbits.  A progressive  decrease  was  observed  in  the  total  quantity  of  plasma 
proteins  (38%),  in  albumin  (75%)  and  the  fibrinogen  fraction  (25%).  The  globulin 
fraction,  however,  remained  relatively  constant.  A substantial  increase  in 
urea  nitrogen  was  also  noticed.  These  reBultB  were  interpreted  on  the  bartia  of 
the  effect  of  TNT  on  liver  and  bone  marrow.  Similar  results  were  obtained  by 
Coppa  and  Sessa  (139). 

Certain  biochemical  changes  were  observed  in  animals  chronically  intoxicated 
with  TNT.  Thus  the  effect  on  the  glucose  tolerance  test  was  studied  by  Durante 
in  1950,  (140)  who  found  that  rabbits  chronically  intoxicated  with  TNT,  showed 
an  intermediate  rise  in  the  glucose  tolerance  curve;  during  the  course  of  toxic 
changes  the  initial  values  tend  to  increase.  This  effect  was  explained  by  the 
author  to  be  due  to  the  altered  function  of  hepatic  cells  with  the  consequent 
failure  of  transformation  of  glucose  into  glycogen. 

The  effect  of  chronic  TNT  intoxication  on  the  phosphatase  level  in  blood, 
liver  and  kidneys  was  studied  in  1949  by  Aldo  (118).  Ten  rabbits  were  UBed, 

4 as  control8} and  6 were  administered  2 mg  TNT  in  aqueous  suspension  intragas- 
trically  every  48  hrs.  Phosphatase  activity  was  determined  every  10  dayB  In 
blood  of  control  and  experimental  animals;  after  60  days  animals  were  sacrificed; 
the  liver  and  kidneys  were  removed  and  the  enzyme  activity  in  these  organs  was 
then  determined.  A progressive  but  slow  decrease  in  phosphatase  activity  was 
noticed  up  to  30  days;  then  a more  rapid  decrease  occurred,  resulting  in  reduc- 
tion of  the  qnzyme  activity,  after  60  days,  by  about  50%  of  the  control  average. 

The  phosphatase  activity  in  the  kidney  waa  reduced  by  18%;  the  following  values 
were  reported: 

Phosphataae  activity  (Kay  Units) 

Organ  Control  after  60  Days 

Liver  5.98  0.45  to  0.60 

Kidney  1.09  0.89 

TNT  given  subcutaneously  to  rabbits  proved  to  be  toxic.  Though  the  experi- 
mental procedure  was  vague  and  the  doses  were  not  accurate,  the  details  of 


3 3 


Foulerton's  (105)  experiments  are  mentioned  below.  Two  rabbits  weighing  2.26 
and  2.05  kg  were  given  TNT  orally  and  subcutaneously,  respectively.  In  the 
first  case,  a total  of  8.4  g of  TNT  was  given  by  an  esophageal  tube  in  21  doses 
varying  from  0.25  to  0.6  g over  a period  of  30  davB.  At  the  end  of  the  exper- 
iment, the  animal  appeared  in  good  health  and  did  not  lose  or  gain  weight. 

A dose  of  2 g TNT  in  vaseline  was  then,  rubbed  into  the  shaved  skin  of  the  Bame 
animal.  After  2 days  two  doses  of  1.75  g each  were  rubbed  into  the  skin  on 
two  consecutive  days,  after  which  the  animal  waa  killed  and  organB  were  examined, 
in  the  second  rabbit  13  doses  of  TNT  suspension  in  normal  Baline,  varying  from 
0.1  to  0.45  g were  injected  subcutaneously  during  a period  of  22  days.  The 
total  dose  given  as  well  as  the  dosage  schedule  were  vague  and  confusing.  The 
author  stated  that  . • ■ "Because  of  the  rapid  separating  out  of  the  suspension 
in  normal  saline  solution,  the  exact  dosage  was  difficult  to  determine,  but  it 
was  estimated  that  about  4.75  grams,  possibly  a little  leBB,  were  administered 
by  the  thirteen  injections".  The  animal,  which  gained  50  g by  the  end  of  the 
experiment,  was  killed  and  internal  organs  were  then  examined.  In  both  cases, 
viz.,  after  oral  and  subcutaneous  administration  of  TNT,  a dark  urine,  coffee- 
brown  in  color  was  found.  The  liver  revealed  a quantity  of  fat  ...  especially  in  the 
zone  arbund  the  central  vein,  and  the  spleen  was  loaded  with  fine  and  coarse  gran- 
ules of  brown  pigment.  The  epithelial  cells  of  the  kidney  tubules  of  the  first 
rabbit  appeared  to  be  swollen  in  the  cortical  zone  while  the  pelvis  of  the 
kidney  of  the  second  rabbit  that  received  TNT  subcutaneously,  was  filled  with  a 
solid  plug  of  fat. 

E.  Cats 

Foulerton  (105)  in  an  attempt  to  study  the  chronic  toxicity  of  TNT,  admin- 
istered 0.5  g of  the  compound  mixed  with  lean  meat  or  fish  to  a cat,  3.75  kg  in 
weight.  Although  this  dose  was  given  every  third  or  fourth  day  for  three  weeks, 
the  exact  amount  of  Ingested  TNT  could  not  be  estimated  because  an  attack  of 
sneezing  and  salivation  followed  swallowing  a mouthful  of  food,  Because  the 
animal  appeared  in  perfect  health  and  did  not  lose  any  weight,  the  author  ad- 
ministered 1 g of  TNT  mixed  with  vaseline  by  rubbing  thoroughly  into  shaven  skin, 
on  each  of  3 consecutive  days  and  then  3 more  doseB  were  rubbed  into  the  skin 
with  two  days'  interval,  so  that  6 doses  (1  g each)  were  applied  during  a period 
of  12  days.  On  the  13th  day  the  animal  was  very  drowsy  and  appeared  to  be  mori- 
bund. Its  condition  improved  the  following  day,  so  another  dose  of  1 g was 
applied  each  on  the  15th  and  16th  days,  and  on  the  17th  day  a dose  of  1.5  g 
was  rubbed.  Thus,  a total  of  9.5  g had  been  administered.  On  the  18th  day  the 
animal  died,  after  losing  2.6  kg  of  body  weight.  The  urinary  bladder  was  full 
of  urine  which  on  centrifugation,  gave  a dense  sediment  of  mucus  containing  a 
very  large  number  of  fat  globules.  Kidneys  and  liver  showed  fatty  infiltration, 
while  heart,  lungs  and  spleen  showed  brown  pigments  which  did  not  stain  as 
hemosiderin. 

F.  Dogs 

To  study  the  of  facts  of  TNT  toxicity  on  various  organs,  Kramer  and 
Melerhof  (141)  administered  TNT  (amount  not  specified)  to  dogs,  either  orally 
(in  butter),  by  skin  inunction  (in  lard)  or  by  subcutaneous  injection  (in  olive 
oil) . The  following  symptoms  were  observed  (regardness  of  the  route  of  admin- 
istration used) i diarrhea,  weakness,  emaciation  and  leukocytosis.  Vomiting 
was  observed  only  in  dogs  given  TNT  orally,  apparently  due  to  direct  irritation 
of  the  stomach.  The  most  outstanding  autopsy  finding  is  a moderate  central  de- 
generation of  liver  cells,  with  congestion  of  the  capillaries.  Three  years  later, 
Voegtlln  et  al.  (112)  administered  5 to  33  mg/kg  TNT  orally  to  dogs  for  long 
periodu  (not  specified).  The  symntoros  which  developed  Included  cyanosis,  salt- 
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vation,  diarrhea;  incoordination,  icterus  and  anemia.  Cyanosis  usually  developed 
at  the  beginning  of  intoxication  while  weight  loss  was  unnoticed  until  shortly 
before  death.  In  another  study,  eight  female  dogs  weighing  between  5 and  11  kg 
were  maintained  on  a normal  diet  of  ground  horBe  meat  and  dog  biscuits  and  were 
divided  into  4 groups  each  of  2 animals.  TNT  was  given  orally,  daily  except  on 
Sundays  for  4 weeks,  in  a dosage  level  of  5,  15,  25  and  100  mg/kg.  Practically 
all  animals  showed  th_  same  symptoms,  which  appeared  after  the  Becond  doBe  in 
groups  that  received  15,  25  and  .100  mg/kg  and  after  the  third  dose  in  the  group 
that  received  5 mg/kg.  During  the  first  7 to  10  days,  dogs  appeared  extremely 
sick,  were  ataxic,  manifested  asynergia  and  incoordination,  developed  irregular 
and  involuntary  eye  movements,  had  diarrhea  and  passed  very  dark  urine.  By  the 
end  of  the  second  week  all  animals  showed  marked  improvement  with  a return 
towards  the  normal  state  (142).  in  further  study  by  the  same  group  of  authors, 

50  . mg/kg/ day  TNT  was  administered  orally  to  dogs  for  12  weeks.  They  found  that 
thiB  dose,  which  produced  maximum  symptoms  of  chronic  poisoning  in  dogs,  did  not 
prove  fatal  during  the  3 month  duration  of  experiment,  did  not  cause  depletion 
f>f  ascorbic  acid  from  blood  plasma  nor  did  it  increase  the  excretion  of  ascorbic 
acid  in  the  urine  (143). 

In  a more  recent  study  by  Hart  in  1974  (223) , three  groups  each  of  6 adult 
beagles  (9  males,  9 femalea)  were  given  daily  dosages  of  TNT  of  0.02,  0.1  or 
1.0  mg/kg  of  body  weight  per  day  for  90  days.  Temporary  episodea  of  vomiting 
subsided  after  the  first  2 weeks  of  the  experiment.  Appearance,  behavior, 
appetite,  weight,  blood  chemistry,  hematology,  urinalysis  and  gross  and  micro- 
scopic examination  of  organs  following  necropsy,  revealed  no  signs  of  toxicity. 
There  were  no  observable  differences  between  treated  dogB  and  6 male  and  female 
control  beagles . 

In  an  attempt  to  induce  TNT  intoxication  by  inhalation,  Van  Oettingen  at  al . 
(1944,  120)  exposed  four  dogs,  5 daye/week  for  2 weeks  to  vapors  produced  from 
50  mg/kg  body  weLght  of  TNT;  then  for  an  additional  two  weeks  to  vapors  pro- 
duced from  100  mg/kg  body  weight.  Generally  animals  were  in  good  shape,  and 
except  for  2 dogB  which  lost  0.8  and  1 kg,  no  weight  loss  was  observed.  The 
blood  picture  was  essentially  the  same  before  and  after  the  exposure  period. 

The  authors  found  it  very  difficult  to  volatilise  TNT  in  sufficient  quantities 
to  produce  systemic  toxic  effects  in  dogs.  For  this  reason,  in  a. later  communi- 
cation (144 )•  they  administered  TNT  by  insufflation  to  2 series  of  dogs  each  of 
3 animals,  that  received  doses  of  25  mg/kg  and  50  mg/kg,  respectively,  5 days/ 
week  for  17  weeks.  Both  groups  showed  essentially  the  same  symptoms  which  con- 
sisted of  a Bteady  loss  of  weight  of  up  to  6 kg,  salivation,  vomiting,  diarrhea, 
weakness  and  incoordination.  Moderate  anemia,  characterized  by  a reduction  of 
the  red  blood  cell,B  and  of  the  hemoglobin,  from  which  they  recovered  after  some 
weeks  despite  continued  exposure,  was  noticed.  No  bile  pigments,  urobilinogen, 
or  sugar  were  detected  in  urine;  only  some  albumin  and  occasionally  blood  were 
detected  in  the  urine,  but  only  towards  the  end  of  the  exposure. 

Kleiner  (145)  in  an  attempt  to  determine  the  external  secretory  func- 
tion of  the  liver  in  chronic  TNT  intoxication,  injected  TNT  to  white  dogs  subcu- 
taneously with  20  to  50  mg/kg/day  every  other  day  for  3 months,  and  found  sup- 
pression of  bile  formation  and  bile  secretion, 

In  regards  to  the  effect  of  TNT  on  gastric  secretion,  chronic  administration 
(2  1/2  years)  caused  an  Increase  of  phosphates,  ammonia  and  lactic  acid  content 
of  the  gastric  juice  of  dogs  given  0.1  to  1 and  5 to  20  mg/kg.  Morphological 
changes  similar  to  exfoliative  gastritis  were  bIbo  observed  (l46,  147)* 


G.  Mlcrottcoplc.  ChanxeH  In  Experimental  Lesions 


No  remarkable  changes  were  observed  In  Che  brain,  heart  and  skeletal  muscles 
of  guinea  pigs  and  rabbits  intoxicated  with  TNT  (19).  Lungs,  however,  were 
edematous  and  showed  hemorrhage  in  some  of  the  lobules.  Large  phagocytic  endo- 
thelial cells  were  found  in  the  alveoli  of  guinea  pigs  in  which  TNT  was  forced 
into  the  lungB.  The  liver  showed  fatty  changes  and  diffuse  areas  of  necrosis. 
Microscopic  changes  in  the  spleen  were  in  the  form  of  enlargement  of  blood 
sinuses  which  contained  large  phagocytic  endothelial  leukocytes  which  were 
filled  with  golden  pigments,  blood  fragments  and  whole  red  cells.  Changes  in 
adrenal  glands  were  not  remarkable,  though  in  some  instances  groups  of  medullary 
cells  had  entirely  disappeared  and  vacuoles  filled  with  free  ted  cells  were 
found  instead.  Kidney  changes  were  manifested  by  congestion  of  the  glomeruli 
and  dilatation  of  the  glomerular  spaces  which  were  filled  with  cellular  debris, 
free  pigment  granules  and  occasionally  with  red  blood  cell  ghosts. 

Bone  marrow  contained  megakaryocytes  and  multinucleated  giant  cells  which  were 
numerous  and  often  appeared  arranged  in  groups  of  three  or  more. 

Microscopic  changes  that  were  noticed  in  various  animal  species  are 
listed  in  the  following  table  TV. 3 (L48  ) . 
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TABLE  IV. 3-  MICROSCOPIC  CHARGES  DOE  TO  CHRONIC  TNT  TOXICITY 
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Rabbits  200  mg/kg  9-29  Slight  to  noderate  cen-  Quite  narked  pulp  Kunerous  henoglobin  cast: 

Subcutan-  tro lobular  fatty  degen-  benosidercsis  but  in  the  collecting  tubule: 

eons ly  eration  of  the  liver.  little  or  nc  nyelo-  and  marked  henosiderosis 

poiesis  of  the  cortical  tubule 
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V . CARCINOGENICITY.  MUTAGENICITY  AND  TERATOGENICITY  OF  TNT 


To  date,  no  carcinogenic  effect  has  been  reported  from  TNT 
intoxication  among  workers,  and  no  tumors  have  been  found  in  postmortem  exam- 
inations of  any  persons  chronically  intoxicated  with  TNT. 

However,  an  animal  investigation  concerning  carcinogenicity  was 
reported  by  Schepers,  in  1971  (149).  He  endeavored  to  induce  specific 

pulmonary  lesions,  Including  lung  cancer,  by  atmospheric  exposure  to  several 
compounds  including  TNT.  No  neoplastic  effect  was  demonstrated  in  guinea 
pigs,  rats  or  mid*  exposed  to  TNT  aerosols  for  an  average  of  24,  18  and  IS  ©x- 
poBures/month,  respectively  (further  details  were  not  provided). 

After  6 months  of  topical  application  of  30%  TNT  5 times  a week  to  20 
Wistar  rats,  tibial  bone  marrow  cells  from  50X  of  the  animals  exhibited  chromo- 
somal changes.  In  20%  of  observed  mitoses  in  affected  rats,  chromatid  changes, 
chromosome  breaks  and  dislocations  were  observed,  although  changes  in  chromosome 
number  were  not  found.  The  authors  suggested  the  possibility  of  anomalies  in 
future  generations  of  these  rats  (222), 

The  mutagenicity  of  TNT  (explosive  grade)  waB  studied  by  the  Amua  assay  system' 
using  histidine-requiring  strains  of  Salmonella  typhimuvim . In  concentrations 
of  0.5  to  10  ug/ml  of  overlay,  TNT  is  a framoshift  mutagen  characterized  by  a 
linear  mutagenic  response  curve.  Concentrations  above  10  ug/ml  Inhibited  the 
growth  of  the  teat  bacterium.  Moreover,  TNT  accelerates  the  reversion  rate  of 
a frameshift  tester,  TA-98.  On  the  other  hand,  the  major  microbial  metabolites 
of  TNT  appeared  to  be  nonmutagenic  (150). 

No  Btudies  have  been  hitherto  reported  on  the  teratogenicity  of  TNT. 
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VI . RELATIONSHIP  BETWEEN  DIETARY  FACTORS  AND  TNT  TOXICITY 


Disability  arising  among  munition  workers  from  exposure  to  TNT  presented 
an  industrial  health  problem  of  major  importance  during  World  Wars  I and  II. 

Loss  of  working  time  and  the  incidence  of  fatal  cases  haB  urged  the  study  of 
measures  which  may  throw  light  on  the  factors  which  influence  susceptibility 
to  TNT  toxicity.  Without  evidence  of  the  protective  role  of  nutrition  against 
TNT  toxicity,  the  manager  of  an  ordnance  plant  in  England,  in  1917,  after 
noting  that  female  employees  complained  from  gastrointestinal  upsets,  undertook 
a nutrition  program  that  resulted  in  a decreased  incidence  of  gastrointestinal 
disorders  from  11.6%  to  less  than  2.0%  (151),  Since  that  time,  high  carbohydrate 
diets,  ascorbic  acid,  calcium  and  milk  have  been  recommended  for  prophylaxis 
against  TNT  toxicity.  An  analysis  of  the  effect  of  diet  on  TNT  toxicity  will, 
therefore,  be  presented  in  the  following  section.  Topics  discussed  include 
experimental  investigations  in  animals  and  observations  in  humanB. 

1 . EXPERIMENTAL  INVESTIGATIONS  IN  ANIMALS 

Himsworth  and  Glynn  (115)  believed,  from  experiments  with  rats,  that  the 
nature  of  diet  affects  the  susceptibility  to  TNT  toxicity.  Furthermore,  several 
factors  Buch  as  vitamin  C,  methionine,  vitamin  B complex  and  aeveral  others 
ware  advocated  for  the  prevention  and  treatment  of  TNT  toxicity.  For  thitt  reason, 
the  effect  of  the  nature  of  food  per  se,  as  well  as  several  additives  will  be 
discussed. 

A.  Effect  of  the  Nature  of  Food 

Experiments  were  performed  to  show  whether  ot  not  the  type  of  food  given  to 
animals  has  a favorable  effect  in  preventing  TNT  toxicity. 

i.  Meat ; In  1919,  Voegtlin  et  al.  (112)  found  that  dogB  fed  a meat  diet 
are  more  resistant  to  TNT  toxicity  than  dogs  which  are  fed  white  bread  and  milk. 
They  suggested,  therefore,  that  TNT  workurs  should  eat,  besides  other  nourishing 
food,  at  leaBt  150  to  200  grams  of  meat  daily. 

ii . Milk;  Consumption  of  milk  has  been  recommended  for  the  prevention  of 
TNT  intoxication  and  it  is  believed  that  milk  may  be  helpful  in  alleviating  the 
gastric  irritation  experienced  by  some  TNT  workers.  To  answer  the  question 
whether  or  not  the  addition  of  milk  to  a well-balanced  basic  diet  haa  n tavofable 
effect  on  dogs  against  TNT  intoxication,  Donahue  et  al.  (152)  studied  the 
effect  of  the  addition  of  300  ml  of  milk  to  the  diet  of  dogs  that  were  given 
50  mg/kg  TNT  orally.  They  found  that  the  addition  of  milk  alleviates  only 
slightly  the  toxic  effects  produced  by  TNT.  Neither  did  they  find  any  evidence 
that  the  addition  of  milk  promotes  the  detoxification  of  TNT.  However,  animals 
on  a milk  diet  lost  less  weight  than  the  control  group!  the  inflammatory  reactions 
in  the  intestinal  tract  was  less  severe,  and  the  intestinal  mucosa  of  the 
milk-fed  dogs  was  covered  with  a fibro-mucoid  film  that  is  absent  in  control 
animals.  Though  giving  extra  milk  to  munition  workers  1b  questionable  in  view 
of  the  fact  that  a high  fat  diet  increases  TNT  toxicity,  the  authors  concluded 
that  milk,  by  its  demulcent  action,  protects  the  mucous  membranes  of  the 
gastrointestinal  tract  and  may  interfere  with  the  absorption  of  TNT  from  the 
intestine . 


lii.  Fat-,  carbohydrate-  and  protoln-rlch  diet!  In  1942,  HimBworth  and 
Glynn  (115)  demonstrated,  that  the  nature  of*  diet  greatly  influences  the 
susceptibility  to  TNT  intoxication.  They  UBed  white  "Wistar"  rats  to  which 
TNT  was  given  orally  (by  stomach  tube  or  mixed  with  diet)  or  parenterally . In 
all  cases  TNT  was  administered  as  oily  solutions!  given  intragastrically  or 
parenterally  5%  solution  in  arachis  oil  was  used}  given  with  diet,  the  amount  of 
TNT  required  was  dissolved  in  part  of  the  fat  of  the  diet;  if  the  diet  did  not 
contain  fat,  the  TNT  was  dissolved  in  the  minimum  necessary  quantity  of  arachis 
oil  and  then  mixed  with  the  food.  The  dose  of  TNT  given  daily  was  0.15  g/kg 
body  weight  and  experiments  lasted  for  70  to  100  days.  Three  basic  diets  were 
used!  one  high  in  fat,  another  high  in  carbohydrate  and  a third  high  in  protein. 
They  found  that  the  nature  of  the  diet  has  a great  influence  on  the  development 
of  toxic  manifestations  in  rats.  Thus  animals  on  a high  fat  diet  showed  severe 
symptoms  and  marked  pathological  lesions  compared  to  animals  taking  a high 
carbohydrate  or  a high  protein  diet  where  ill  effects  were  Blight  or  even  absent, 
The  authors  ascribe  the  increased  toxteity  of  TNT  In  the  presence  of  fat  diet, 
to  the  "fat  diet  so  influencing  the  animals'  metabolism  as  to  impede  its 
ability  to  dispose  of  the  TNT  within  its  tissues".  Shils  and  Goldwater  (151) 
do  not  share  this  opinion;  they  think  that  the  low  protein  content  of  the  diet 
might  be  as  Important  or  even  more  important  than  the  high  fat  intake.  This  view- 
point is  supported  by  the  results  of  Smith  at  al.  (153)  who  found  that 
cystine  supplements  given  to  TNT  treated  rats  afforded  some  protection,  and  even 
greater  improvement  was  noted  with  methionine  or  increased  amounts  of  casein. 

A few  years  later,  Goldwater  and  Shils  (154)  studied  the  effectB  of 
fat  and  protein  contents  of  diet  on  the  toxicity  of  TNT.  They  found  that  TNT 
(150-300  mg/lOOg,  diet)  depresses  growth  of  male  rats  regardless  of  the  type  of 
diet  used.  However,  increased  protein  intake  is  reflected  by  an  equal  increment 
in  weight  increase  both  in  control  rata  and  TNT-treated  ones.  They  concluded, 
therefore,  that  TNT  does  not  aeem  to  exert  its  deleterious  effect  by  interfering 
with  the  protein  metabolism  involved  in  growth.  On  the  other  hand,  the  same 
authors  reported  that  a high  fat  Intake  was  Bomewhat  deleterious  to  rats  fed 
TNT. 


B . Effect  of  Other  Food  Additives 

Several  experiments  were  performed  to  study  the  protective  effect  of 
Beveral.  substances  added  to  the  diet  of  experimental  animals,  against  the  toxic 
effects  of  TNT.  Among  the  substances  studied  were  vitamin  C,  methionine,  vitamin 
B complex  and  nicotinamide. 

i • Vitamin  C (Aacorblc  Acid) 

The  susceptibility  of  different  species  of  animals  (including  man)  to  the 
toxic  actions  of  TNT  varies  considerably.  Thus  while  dogs  and  cats(and  probably 
man)  are  highly  susceptible  to  TNT  toxicity.,  white  rats,  guin'  pigs  and  rabbits 
exhibit  high  natural  resistance  to  it  (112,  153).  Assuming  that  ascorbic  acid 
might  antagonize  the  toxic  effects  of  organic  nitro  compounds  (through  the  acti- 
vation of  catalase,  which  by  yielding  oxygen  would  tend  to  inhibit  their  reduc- 
tion), Smith  et  al«U53)  carried  out  experiments  to  ascertain  the  effectB 
of  aBcorbic  acid  in  chronic  TNT  toxicity.  They  selected  various  animal  species! 
cats  (highly  susceptible  to  TNT  toxicity),  and  animals  with  natural  resistance, 
e.g,,  rats  (require  no  exogenous  ascorbic  acid),  guinea  pigs  (exogenous  ascorbic 
acid  is  indispensable),  and  rabbits  (intermediate).  Their  findings  are  summar- 
ized in  table  VI . 1 . 
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It  was  concluded  from  this  table  that  ascorbic  acid  had  little  effect  on 
the.  course  of  chronic  TNT  toxicity  in  rata,  guinea  pigs  or  rabbits,  In  cats, 
which  are  relatively  highly  susceptible  to  TNT  toxicity,  ascorbic  acid  appeared 
to  have,  however,  a slightly  favorable  influence  on  the  course  of  Intoxication. 
Neither  did  ascorbic  acid  affect  the  distribution  and  elimination  of  reduced 
degradation  products  of  TNT.  Similar  resutts  were  obtained  in  dogs  fed  150  mg 
of  ascorbic  acid  and  50  mg/kg  powdered  TNT  daily  (’152),  No  significant  protective 
effect  of  Vltumin  C wuh  observed  In  guinea  pigs  (155). 

ii . Methionine,  T -Complex.  Liver  Extract  and  Nicotinamide 

In  an  attempt  to  prevent  the  pathological  changes  induced  by  TNT,  various 
compounds  were  administered  to  rabbits  poisoned  with  0.02  g of  TNT  once  a week 
for  4 weeks.  Five  groups  of  rabbits  were  used.  The  first  group  was  untreated 
and  received  TNT  only.  The  other  4 groups  received  the  following  compounds, 
respectively:  methionine  (0.25  g) , vitamin  n complex  (0.5  mg  synthetic  vitamin 
Bj,  0.3  mg  vitamin  Bj,  0.15  mg  vitamin  Bg,  7.5  mg  nicotinamide  and  15  mg 
calcium  pantothenate),  fresh  liver  extract  (from  1 kg  of  liver),  and  15  ing  of 
sodium  nicotinate.  The  degenerative  changes  in  the  liver  induced  by  TNT  were 
inhibited  and  to  a lesser  extent  in  the  kidney,  adrenalB , spleen,  lung  and 
heart  (156), 

These  results  were  confirmed  by  Fairhall,  a year  later  (157)  who  found  that 
rabbits  chronically  intoxicated  with  TNT  showed  degenerative  changes  in  the  liver, 
kidney  and  spleen.  These  effects  were  not  so  apparent  In  animals  pretreated  with 
vitamin  B complex,  liver  extract  or  methionine. 

2.  OBSERVATIONS  IN  HUMANS 


A,  Vitamin  C 


Waterman  et  al»  (158)  reported  u case  where  the  red  dye  in  the  urine. 

■if  a TNT  worker  had  disappeared  within  48  hrs  after  the  administration  of 
vitamin  C.  They  believe  that  munition  workers  can  be  protected  from  toxic 
effects  of  TNT  by  prophylactic  administration  of  adequate  amounts  of  vitamins. 

B . Alcohol 

Putnam  and  Herman  (90)  reported  about  three  workers  that  took  one  or  two 
small  drinks  In  TNT  plants;  this  resulted  in  dizziness,  and  often  cyanosis  and 
fainting.  Their  pulse  and  respiration  became  rapid.  The  authors  attributed 
the  increased  toxicity  of  TNT  by  alcohol  to  the  excellent  dissolving  power  of 
the  latter;  and  they  concluded  that  "TNT  and  whiskey  don’t  mix’’.  This  finding 
is  not  in  agreement  with  that  of  Teiainger  (159)  who  found  that  alcohol,  consumed 
in  the  form  of  beer,  increased  the  oxidation  of  TNT  in  the  tissues  of  34  per- 
sons who  had  worked  with  TNT  for  a period  of  one.  to  15  years. 
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VII . ABSORPTION.  DISTRIBUTION.  BIOTRANSFORMATION 
EXCRETION.  AND  BIODEGRADATION  OF  TNT 

To  produce  its  characteristic  effects  (pharmacologic  or  toxicologic)  a 
substance  must  be  present  in  appropriate  concentrations  at  its  site(s)  of 
action  for  a suitable  length  of  time.  ThiB  concentration  depends  not  only  on 
the  given  amount  (dose)  of  the  compound,  but  also  upon  the  extent  and  rate  of 
its  absorption  from  the  site  of  administration,  distribution,  binding  to 
certain  tissues,  biotransformation  and  excretion.  ThiB  section,  therefore, 
reviews  the  absorption,  distribution,  biotranaformation  and  excretion  of  TNT, 

1.  ABSORPTION  OF  TNT 


TNT  gains  access  to  the  body  through  lungs,  gastrointestinal  tract,  and/or 
the  skin,  which  is  the  chief  avenue  of  absorption  (90).  Putnam  and  Herman  (90) 
reported  that  "poisoning  via  the  respiratory  tract  rarely,  if  ever,  occurs". 

As  demonstrated  by  Voegtlin  at  al.  (110)  skin  absorption  takes  place 

most  readily  through  the  palmB  of  the  hands,  the  neck  and  the  face,  in  the  order 

given.  Oily  skin  and  excessive  sweat  were  reported  to  favor  absorption  (12) . 

TNT  is  ingested  by  mouth  through  the  negligence  of  certain  workers  who  eat 
lunch  on  the  premises  with  contaminated  hands.  Also,  because  workers  cannot 
smoke  they  tend  to  chew  tobacco  handled  with  dirty  fingers,  which  constitutes 
another  source  of  TNT  access  to  the  stomach  (90).  The  most  important  path  of 
absorption,  however,  is  the  skin  and  therefore  preventive  measures  Bhould  be 
aimed  largely  at  avoiding  contact  with  TNT. 

It  is  the  belief  of  Voegtlin  et  al.  (110)  £ha.t  TNT  may  be  retained 
in  the  organism  for  a considerable  period  of  time,  as  indicated  by  the  progres- 
sive anemia  after  single  administration,  and  by  the  slow  recovery  of  animals. 

Several  experiments  were  carried  out  to  determine  the  rate  of  absorption 

via  several  routes  of  administration,  and  results  revealed  that  TNT  is  readily 

absorbed  when  given  orally,  when  administered  subcutaneously  dissolved  in  oil 
or  when  introduced  as  dust  into  the  lower  air  passages.  Details  are  as  follows. 

A.  Absorption  Through  the  Skin 

In  an  attempt  to  demonstrate  that  TNT  can  be  absorbed  via  skin,  Haythorn 
(19)  rubbed  large  quantities  of  TNT  powder  on  his  arms  for  several 
days  consecutively.  Except  for  a reddening  of  the  skin,  no  other  ill  effects, 
not  even  a positive  Webster’s  teat,  could  be  demonstrated.  However,  guinea  pigs 

and  rabbits  that  were  rubbed  with  10%  TNT  in  lanolin  showed  a positive  Webster's 

teat  and  liver  lesions  after  several  innunctions. 

Several  years  later,  in  order  to  study  the  absorption  of  TNT  through  the 
intact  skin  of  Bwine,  Neal,  et  al.  (1.60)  suspended  2 g of  TNT  in  3 ml  of  glycerol 
and  applied  it  to  the  clipped  skin  of  shoats,  covered  it  with  gauze  and  strapped 
it  to  the  body  with  adhesive  tape.  The  urine  was  collected  daily,  and  was 
positive  for  2 ,6-dinitro-A-aminotoluene  for  8 days.  Amounts  determined  ranged 
from  0.002  to  0.014  mg/80  ml  of  urine.  They  concluded  that  TNT  can  be  absorbed 
even  through  the  dry  scaly  skin  of  pigs.  The  same  group  of  authors  (161), 
studied  absorption  of  TNT  through  the  skin  of  humans  by  rubbing  500  mg  of 
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finely  powdered  pure  TNT  into  the  palms  of  both  hands  of  2 human  subjects, 
which  were  covered  with  rubber  gloves  for  8 hours.  Traces  of  the  metabolite 
2,6-dinitro-A-aminotoluene  were  found  in  the  urine  samples  collected  during 
the  period  of  exposure,  and  for  15  hours  thereafter. 

B.  Absorption  via  the  Respiratory. System 

Haythorn,  in  1920-21,  (19)  conducted  several  sets  of  experiments  to  deter- 
mine the  routes  of  absorption  of  TNT.  In  the  first  series  he  exposed  A guinea 
pigs  to  fumes  of  volatilized  TNT  for  3 hours  a day  for  30  days.  Animals  died 
from  the  heat  used  to  volatilize  TNT,  but  no  lesions  which  could  be  ascribed 
to  TNT  were  observed.  The  lack  of  toxicity  was  explained  on  the  grounds  of 
breakdown  of  TNT  to  several  different  gases  on  vaporization.  Another  series 
of  experiments  was  then  carried  out  in  which  a fine  powder  of  TNT  was  introduced 
into  the  lungs  of  experimental  animals.  No  details  were  given  about  the 
experimental  procedurea  and  the  results  were  negative.  The  author  concluded 
that  lungB,  as  a route  of  intoxication  in  TNT  workers,  are  "an  unimportant  one". 

Another  set  of  experiments  was  carried  out  by  Von  Oettingen  et  al.  (144) 
who  administered  powdered  TNT  by  insufflation  to  dogs  in  a dosage  schedule  of 
25  to  50  mg/kg  for  5 dayB/week.  They  found  that  75%  of  the  dose  was  absorbed 
from  the  respiratory  tract.  After  17  weeks  of  exposure,  no  considerable  amount 
of  TNT,  nor  its  metabolite  2 ,6-dinitro-4-aminotoluene , could  be  detected  in 
the  trachea,  lungs,  spleen,  gut,  liver,  bile,  kidneys  or  the  bladder  of  the 
dogs,  They  concluded  that  TNT  is  not  retained  to  any  considerable  extent  in 
these  organs. 

G.  Absorption,  along- the  Alimentary.  Canal 

That  TNT  dust  can  reach  the  alimentary  canal  is  demonstrated  by  the  fact 
that  TNT  workers  usually  complain  of  a bitter  taste  in  the  mouth.  Moreover, 

TNT  is  very  soluble  in  saliva  and  in  gastric  juice;  the  dust  which  collects  in 
the  posterior  nasopharynx  is  commonly  swallowed.  Experimentally,  guinea  pigs 
fed  TNT  and  milk  developed  diarrhea,  and  poisoning  symptoms  were  apparent  in 
from  3 to  14  days  (121).  Horecker  and  Snyder  (162)  carried  out  experiments  on 
two  human  subjects  who  received  daily  doses  of  1 mg/kg  TNT  for  4 successive 
dayB.  About  3%  of  the  total  amount  of  TNT  could  be  recovered  from  the  urine 
in  the  form  of  2,6-dinitro-4-aminotoluene . 

D*  Solubility  of  TNT  in  body  Fluids 

TNT  is  soluble  in  various  body  fluids  to  various  degrees.  Consequently 
the  degree  of  TNT  toxicity  to  various  tissues  depends  upon  the  extent  to  which 
TNT  is  soluble  in  that  particular  tissue.  Haythorn  (19)  found  that 
TNT  is  soluble  in  the  following  body  fluids  as  shown  by  a positive  Webster's 
test:  saliva,  stomach  juice,  (cow's)  milk,  human  bile,  human  serum  and  urine. 

In  summary,  there  are  3 possible  routes  of  entrance  of  TNT  to  the  body 
of  workers  exposed  to  that  compound.  Though  TNT  is  mainly  absorbed  through 
the  skin,  it  can  gain  access  via  the  air  passages,  or  by  the  alimentary  tract, 
depending  on  the  type  of  the  exposure  involved.  Thus,  volatilized  TNT,  or 
TNT  dust  1b  inhaled  by  workers  in  the  nitrating  room  or  grinding  department, 
respectively.  Contamination  of  skin  usually  occurs  where  workers  handle  and 
package  wet  TNT. 
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2.  DISTRIBUTION  OF  TOT 


The  distribution  and  excretion  of  radiolabeled  TNT  was  studied  after  oral 
administration  to  rats  (114),  Animals  were,  killed  30  minutes  or  24  hours  after 
the  administration  of  TNT  and  results  are  summarized  in  Table  VII. 1. 

3 . BIOTRANSFORMATION  OF  TNT 

Based  upon  several  in  vivo  and  in  vitro  experiments,  Alperin  et  al.  (29) 
concluded  that  the  liver  is  the  major  sice  of  detoxication  of  TNT.  Several  in- 
vestigators studied  the  fute  of  TNT  either  after  administering  Lt  to  intact 
animals  or  by  adding  lt  to  slices  or  homogenates  of  various  tissues.  Results 
of  both  the  in  vivo  and  the  in  vitro  experiments  are  in  agreement,  and  details 
are  as  follows: 

, -r 

A.  In  Vivo  Experiments 

The  bio  transformation  of  TNT  has  been  extensively  studied  since  the  beginning 
of  this  century.  Thus,  Moore  (1917),  Voegtlin  ot  al . (1920),  and  Dale  (1921) 
have  found  tetranitroazoxytoluene  and  an  aminodinitrotoluene  in  the  urine  of  both 
workers  exposed  to  TNT,  and  animalB  receiving  TNT  orally  or  by  injection  (163). 
Further  investigations  showed  that  TNT  is  detoxified  either  by  reduction  or 
by  oxidation  processes. 

i.  Reduction 

The  existence  of  the  reduction  mechanism,  involving  a single  nitro  group, 
was  proven  by  Channon  et  al.  (164)  in  1944  who  isolated  2 ,6-dinitro-4-hydroxyl- 
aminotoluene (I) , 2 ,6-dinitro-4-aminotoluone(II) , and  2,4-dinitro-6-aminotoluene(IV) , 
from  the  urine  of  rabbits  that  received  TNT  orally.  They  postulated  that  the 
first  step  in  the  reduction  of  the  nitro  group  is  the  production  of  the  hydroxyl- 
amine  derivative,  as  described  in  Figure  VII, 1. 

Although  they  failed  to  isolate  the  compound  2 ,4-dinitro-6-hydroxyl.amino~ 
toluene  (III),  the  isolation  of  its  further  reduction  product  (IV),  led  them 
to  assume  that  the  formation  of  compound  III  is  reasonably  certnin.  Only  30% 
of  the  administered  TNT  was  found  as  2 ,6-dinltro-4-aminoto.luene  (II).  It  is 
noteworthy  that  the  compound  2:2’ :6:6'-tetanitro-4 :4 ' -azoxy toluene  (V)  that  has 
been  isolated  or  detected  in  the  urine  of  humans  and  animals  exposed  to  TNT, 
and  that  was  formerly  believed  to  be  excreted,  is  not  a TNT  metabolite.  Rather, 
it  is  readily  formed  from  4-hydroxylamino-2 ,6-dinitrotoluene  (I)  in  solution; 

Channon  et  al.  (164)  have  shown  that  it  is  absent  from  freshly  voided  urine  of 
rabbits  given  TNT,  but  is  formed  from  dinitrohydroxyaminot.oluene  during  the 
extraction  procedure.  One  year  later,  in  1945,  Lemberg  and  Callaghan  (165) 
carried  out  experiments  on  rats  and  with  the  urine  of  munition  workers.  They 
found  that  the  main  metabolites  in  human  urine  are  uhe  same  as  these  found  in 
rabbit's  urine  by  Channon  et  al . , namely  I,  II  and  IV.  However,  in  rat's  urine 
they  found  in  addition  to  I,  II  and  IV,  2 ,4-diamino-6-nitrotoluene  (VI)  and 
5-nitrophenylene.  diamine  (VII),  providing  the  first  evidence  of  demethylation 
of  TNT  in  vivo.  They  also  found  that  20%  of  a single  oral  dose  of  TNT  is 
excreted  in  the  urine  of  rats  as  diazoflzable  aromatic  amino  compounds.  Human 
volunteers,  however,  excreted  on  the  average  40%  of  small  doses  (10  to  30  mg) 
given  orally  as  aromatic  amino  compounds  in  the  urine  (166,167). 


TABLE  VII.  1 


b 

j' 

V' 


; 


i: 


DISTRIBUTION  AND  EXCRETION  OF  RADIOACTIVITY  IN  RATS  RECEIVING 
A SINGLE  ORAL  DOSE  OF  TNT  (RING-UL-14  C) 


% of  Administered 

Dose 

Tissue  /Plasma 
Radioactivity  Ratio® 

30  Minute. s c 

24  Hours 

30  Minutes 

24  Hours 

Gastrointestinal 

20.7 

± 2.7 

tract  plus  contents 

Feces 

5.5 

± 1.1 

_ 

Whole  Blood8 

0.2  ± 0.0d  . 

0.6 

± 0.1 

- 

- 

Expired  Air 

- 

0.1 

± 0.0 

- 

- 

Urine 

0.2  i 0.1 

53.3 

± 3.1 

- 

- 

Liver 

0.3  i 0.1 

0.6 

± 0.0 

3.5  ± 0.6 

2.0  ± 0.1 

Kidneys 

0.1  ± 0.0 

0.2 

± 0.0 

2.4  ± 0.2 

2.7  ± 0.2 

Brain 

0.1  ± 0.0 

< 

0.1 

1.3  ± 0.2 

0.3  i 0.0 

Lungs 

- 

< 

0.1 

- 

0.9  ± 0.1 

Skeletal  Muscle*3 

1.0 

± 0.1 

_ 

0.4  ± 0.0 

Recovery 

82.1 

± 3.0 

a.  Based  on  7.0%  of  the  body  weight. 

b.  Based  on  40%  of  the  body  weight. 

c.  The  rats  in  the  30-minute  group  received  the  minimum  lethal  dose. 

d.  Mean  ± S.E.  of  three  rats. 

e.  Radioactivity  in  1 ml  or  gm  of  wet  tissue  per  radioactivity  in  1 ml 

of  plasma. 


1 


4 


Ref. J Lee  et  al.  (114) 
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Fig.  VII. 1.  REDUCTIVE  BIOTRANSFORMATION  OF  TNT. 
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il.  Oxidation 


In  addition  to  undergoing  reduction,  TNT  may  also  be  metabolized  by  oxidation 
to  give  trinitrobenzyl  alcohol  (VIII) , and  trinitrobenzoic  acid  (IX)  as  illus- 
trated in  Figure  VII. 2. 

This  oxidation  mechanism  is  only  hypothetical  and  is  based  upon  the  fol- 
lowing indirect  evidence  of  Channon  et  al.  (164): 

In  an  effort  to  determine  the  nature  of  the  red  pigment  present  in  TNT 
urine,  15  possible  intermediate  substances  including  a~,  6-  and  y-TNT  were 
administered  to  rats.  Only  a-TNT  and  2,4 ,6-trinitrobenzyl  alcohol  (VIII) 
caused  red  pigment  excretion.  The  alcohol  may  thus  be  a constituent  or  a 
precursor  of  the  red  pigment. 

Rabbits  fed  with  trinitrobenzyl  alcohol,  excreted  a diazotlzable  substance 
in  urine,  which  was  probably  an  aminodinitrobenzyl  alcohol.  About  47X  of  the 
TNT  administered  was  excreted  in  urine  aB  glucuronides.  Since  glucuronic 
acid  is  found  naturally  combined  only  with  substances  possessing  an  aliphatic! 
or  aromatic  hydroxyl  group,  glucuronides  of  TNT  in  urine  must  arise  from  a 
TNT  oxidation  product,  viz.,  trinitrobenzyl  alcohol  (164). 

Further  support  was  obtained  by  the  finding  of  Lemberg  and  Callaghan  (165) 
that  rats  fed  with  TNT  excreted  5-nitrophenylenediamine  (VII)  in  the  urine. 

The  formation  of  this  compound  involves  the  loss  of  a methyl  group  which, 
according  to  Williams  (163),  could  conceivably  occur  by  oxidation  of  TNT  to 

2.4.6- trinitrobenzoic  acid  (IX)  via  the  alcohol.  Decarboxylation  and  reduction 
will  then  result  in  the  formation  of  (VII). 

More  evidence  for  the  occurrence  of  oxidation  processes,  though  not  in- 
volving the  methyl  group,  has  been  provided  by  Lemberg  and  Callaghan  (165)  , who 
isolated  an  aminonitrocreaol  (X)  from  the  urine  of  rats  fed  with  TNT.  However, 
they  have  not  elucidated  the  mechanism  of  its  formation. 

On  the  other  hand,  Snyder  (168)  was  not  able  to  demonstrate  the 
presence  of  2,4-diamino-6-nitrotoluene  (VI),  2,4 ,6-triaminotoluene,  2,4,6-tri- 
nitrotoluene, 2,4 ,6-trinitrobenzyl  alcohol  (VIII),  2 ,4 ,6-trinitrobenzaldehyde 
or  2,4,6-trinitrobenzoic  acid  (IX)  in  the  urine  of  dogs  which  received  TNT 
orally. 

In  aummary,  TNT  has  been  found  to  be  metabolized  by  man  and  rabbits  to 

2.6- dinitro-4-hydroxylamlnotoluene,  2,6-dinitro-4-aminotoluene,  and  2,4-dini- 
tro-6-aminotoluene.  Rats,  however,  convert  TNT,  in  addition  to  the  above- 
mentioned  metabolites,  to  2 ,4-diamino-6-nitrotoluene  and  5-nitrophenylenediamine. 

B • III  .Viir.Q  Experiment  a 

In  1946,  Bueding  and  Jolliffe  (169)  studied  the  metabolism  of  TNT  in  vitro, 
using  liver  and  muscle  slices  and  heart  extracts.  They  found  that  TNT  is 
metabolized  to  an  intermediate  compound  which  inhibits  tissue  respiration;  this 
compound  is  further  metabolized  to  a substance  that  does  not  inhibit  the  oxygen 
uptake  of  tissues.  Using  liver  extracts,  4-amino-2 ,6-dinitrotoluene  (II)  was 
identified  as  the  end  product  of  the  metabolism  of  TNT.  Under  anaerobic  con- 
ditions, the  rate  at  which  TNT  was  removed  by  tissue  slices  and  homogenates  is 
more  rapid  than  under  aerobic  conditions.  TNT  was  found  to  be  metabolized  by 
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a system  containing  reduced  diphosphopyridine  nucleotide  (DPN)  and  a highly 
purified  flavoprotein  (Straub) . This  is  brought  about  by  a transfer  of  hydrogen 
from  flavoproteins  to  the  nitro  group.  It  is  also  reduced  by  partially  puri- 
fied xanthine  oxidase  to  hydroxylaminodinitrotoluene . 

4.  EXCRETION  OF  TNT 


Based  upon  Webster's  test,  urine  is  undoubtedly  the  main  route  of 
excretion  of  TNT.  Voegtlln  et  al. (110)  claimed  that  TNT  is  also 
excreted  in  bile;  however,  this  is  in  contradiction  with  the  findings  of  Haythorn 
(1920-21,  19)  who  could  not  obtain  a positive  Webster's  test  in  the  feces 
of  any  animals  that  had  been  given  TNT  by  any  other  route  except  orally. 

Horecker  and  Snyder  (162)  administered  1 mg/kg  TNT/day  orally  for  4 suc- 
cessive days  to  humans  and  found  that  the  daily  excretion  of  2,6-dinitro- 
4-aminotoluene  (II)  and  2 ,4-diamino-6-nitro toluene  (VI)  in  the  urine  amounted 
to  3X  of  the  ingeated  TNT,  and  fell  almost  to  zero  within  24  hours  following 
the  last  dose. 

5.  MICROBIAL  DEGRADATION  OF  TNT 


In  1965,  Fowler  (170)  stated  that  "during  periods  of  heavy  production,  as 
much  as  10  million  pounds  of  TNT  have  been  produced  per  day  in  the  U.S.A. 
alone",  and  "for  every  pound  of  pure  TNT  manufactured,  approximately  0.5  gallon 
of  solution  containing  about  0.04  pounds  of  TNT  IsomerB  is  formed  as  waste", 

It  is  also  a common  practice  at  bomb  and  shell  loading  sites  to  wash  down 
equipment  by  hot  water  and  steam,  and  to  dispose  of  TNT  waste  by  draining  it  into 
the  nearest  stream.  The  solubility  of  TNT  in  water  is  130  mg/1  at  20°c,  (Bee 
section  VII)  and  hence  a substantial  amount  can  be  carried  by  water  streams, 

Since  about  2 mg/1  of  TNT  in  water  can  adversely  affect  the  aquatic  life,  and 
since  it  was  recommended  that  the  TNT  level  in  water  for  human  consumption 
should  be  kept  below  1 ppm  (170),  various  methods  for  the  disposal  of  TNT  wastes 
have  been  the  subject  of  several  studies  (171,  172,  173).  Among  these  methods 
is  the  evaporation  of  TNT  wastes  in  open  basins  which  results  in  pollution  of 
ground  water  and  the  accumulation  of  TNT  "syrups",  and  the  dilution  of  TNT 
wastes  with  massive  amounts  of  water,  which  is  often  not  available.  Disposal 
of  TNT  wastes  by  passing  them  directly  through  municipal  sewage  treatment  plants, 
i.e.,  by  degrading  it  biologically,  or  by  the  use  of  oxidation  ponds  are  other 
alternatives.  Mention,  therefore,  of  biodegradability  of  TNT,  is  mandatory, 
in  order  to  shed  some  light  on  one  of  the  most  economical  ways  to  minimize 
water  pollution  due  to  military  munition  products.  Furthermore,  the  findings 
of  Lemberg  and  Callaghan  (165)  that  rats  given  TNT  orally  excreted  5-nitro- 
phenylenediamine  (VII),  show  that  in  this  particular  Hpecles,  certain  micro- 
organisms might  be  present  among  the  intestinal  flora  which  are  capable  of 
demethylation,  or  oxidative  decarboxylation  -.»f  TNT  to  give  VII.  This  might 
be  also  the  reason  for  the  low  susceptibility  of  rats  to  TNT  poisoning. 

The  presence  of  TNT  wastes  in  water  streams  is  evidenced  by  a brick  red 
color  imparted  to  the  stream  due  to  the  formation  of  a TNT  complex  of  unknown 
composition.  It  has  been  suggested  that  the  formation  of  this  colored  TNT 
complex  involves  photochemical  (see  section  VII)  and  biochemical  reactions. 

In  a study  of  the  role  played  by  the  putative  decomposition  reaction,  Gr.lng 
(172)  demonstrated  that , Eeaheriahia  ooli  ia  capable  of  reducing  at  least  one 
of  the  nitro  groups  of  TNT  to  its  respective  amine.  Furthermore,  the  author 
found  that  thiB  reduction  process  is  enzymatic  and  requires  the  reduced 
pyridine  nucleotide,  NADH  for  enzymatic  activity.  These  findings  were  con- 
firmed by  Saz  and  Slic  (174)  . 
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Three  yellow  pigment-producing  pseudomonas-like  organisms  isolated  from 
mud  and  water  samples  have  been  shown  to  metabolically  oxidize  TNT  (170,  171). 
Metabolites  that  were  found  in  the  media  are  in  the  following  descending  order 
2,2' ,6,6 ’-tetranitro-4-azoxy toluene,  its  isomer  2,2 ' ,4 ,4 '-tetranitro-6-azoxy- 
toluene,  4, 6-dinitro-2-amino toluene , 2,6-dinitro-4-hydroxylaminotoluene  and 
nitrodiamino toluene.  The  authors  suggest  that  thiB  finding  giveB 
possibilities  to  the  solution  of  TNT  waste  disposal  problems. 

Fowler  (170)  studied  biodegradation  of  TNT  by  two  different  organisms 
Isolated  from  rat  feces  and  raw  sewage  which  are  termed  Paeudomonae  I and  II. 
Pseudomonas  I brought  about  the  moBt  rapid  degradation  of  TNT,  especially 
under  aerobic  conditions.  The  following  sequence  of  events  illustrated  in 
figure  VII. 3 was  suggested: 


VIII. . EPIDEMIOLOGY 


Before  World  War  I,  TNT  was  considered  non-toxic.  However,  during  World 
Wars  I and  II,  several  fatalities  occurred  among  TNT  workers,  expecially 
during  the  first  war;  it  was  then  looked  upon  as  an  unfortunate  but  inevitable 
risk  of  TNT  production.  The  most  common  causes  of  death  were  toxic  hepatitis 
and  aplastic  anemia.  A number  of  case  reports  of  intoxication  and  eventually 
death  from  TNT  were  mentioned  in  chapter  III,  under  "Human  Natalities". 

The  following  is  an  enumeration  of  cases  in  chronological  order. 

1.  In  1915,  the  first  case  of  TNT  intoxication  occurred;  by  the  end  of 

that  year,  no  less  than  50  other  cases  of  fat  jaundice  occurred  among  TNT 
workers  (96,  97). 

2.  During  World  War  I,  although  the  production  of  TNT  in  the  USA  was  on 
a comparatively  small  scale,  17,000  persons  were  intoxicated  by  TNT  in  a period 
of  7 1/2  months,  of  which  475  cases  ended  fatally.  Hamilton  (95)  reported 

95  cases  of  toxic  jaundice  due  to  TNT  intoxication  in  1917.  In  another  report, 
Hegyeli  (100)  described  24,000  caBes  of  TNT  intoxication  in  the  USA  during  the 
period  from  1914  to  1918.  Of  these, 580  died. 

In  England  50  deaths  due  to  toxic  hepatitis  during  this  war  were  reported* 


3.  During  the  sama  period  only  1,000  cases  of  TNT  intoxication  were 
reported  in  Germany,  of  which  20  developed  liver  atrophy  (100) . 

4.  Fatalities  due  to  TNT  during  World  War  II  sharply  decreased,  due  to 
the  enforcement  of  strict  hygienic  measures;  thus  only  22  deaths  were  reported 
in  the  period  from  June  1941  to  September  1945  (97). 

In  a detailed  review  of  the  occupational  diseases  in  government-owned 
explosive  plants  in  the  period  of  February  1943  to  April  1945,  McConnell  et 
al.  (1V5)  gave  the  following  numbers  for  fatalities  and  diseases  due  to  TNT 
exposure,  among  shell  and  bomb  loading  workers  (Table  VIII-1)  and  among 
workers  in  manufacturing  works  (Table  VIII-7). 

Several  fatalities  were  also  reported  during  World  War  II  in  England, 
Canada  and  Finland. 

In  Yugoslavia,  42  cases  of  TNT  intoxication  were  reported  in  1953  by 
Branisavljevic . Of  these  cases,  18  showed  damaged  liver,  19  suffered  from 
anemia  and  5 exhibited  both  damaged  liver  and  anemia  (176)  • 

On  a recent  epidemiological  study  the  re] utionship  between  hemoglobin 
valueB  (Hb)  and  the  extent  of  TNT  exposures  were  reported  by  Hathaway 
(177).  In  this  reoort,  the  effect  was  studied  separately  in  males  and  females; 
whites  and  nonwhites.  Results  were  as  follows  (Table  VII-3). 

In  another  Btudy  (178)  examination  of  43  TNT  workers  for  hemoglobin  level 
(Hb) , serum  glutamic  oxaloacetic  transaminase  (SGOT) , and  lactic  dehydrogenase 
(LDH)  was  performed,  and  followed  for  5 months  as  the  production  of  the  plant 
was  increased.  The  data  in  Table  VIII-4  were  reported. 
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TABLE  VIII. 2 

FATALITIES  AND  DISEASES  DOE  TO  TNT 


TABLE  VTII. 3 

RELATIONS  HI  1MSEJWK  KN  H 15MOGLOB  IN,  VALII  US 
' ~ AND  EXTENT  ~OF  EXPOSURE  TO~  TNT 


Whites  Ntmwhltes 


Exposure 

levels 

Mean 

Hba 

Relative 

Odds 

Mean 

Hba 

Relative 

Odds 

mg/m 3 

M 

F 

M 

F 

M 

F 

M 

F 

Not  exposed 

15.2 

13.7 

1.0 

1.0 

14.7 

13.1 

1.0 

1.0 

0.01  or  less 

15.0 

13. C 

1.1 

1.4 

14.7 

12.3 

0.8 

1.5 

0.02  to  0.09 

14.7 

13.6 

1.8 

7.0 

14.9 

13.3 

0.5 

0.0 

0.10  to  0.19 

14.7 

13.5 

1.9 

0.0 

14.3 

12.9 

2.1 

2.5 

0.20  to  0.29 

14.4 

13.8 

2.8 

0.0 

13.9 

— 

1.2 

— 

0.30  to  0.39 

14.0 

10.6 

6.9 

— 

13.7 

— 

2.5 

— 

0.40  to  0.49 

14.8 

13.6 

2.9 

0.0 

13.8 

12.8 

3.5 

3.8 

0.50  to  0.99 

14.4 

13.4 

6.0 

8.0 

13.6 

13.0 

7.5 

— 

1.00  to  1,49 

13.7 

— 

6.2 

— 

— 

— 

— 

— 

1.50  and  over 

— 

12.4 

— 

— 

13.1 

— 

— 

— 

a.  The  following  numbers  for  Hb  values  were  considered  abnormal: 

Males  *sl4  g/100  ml  blood; 

Females  <12g/100  ml  blood. 

b.  Relative  odds  (R.O.)  Is  a relative  number  that  was  calculated  as  follows: 

Number  of  control  cases  showing  normal  values  X number 

R 0 m of  exposed  cases  showing  abnormal  values 

' ' Number  of  control  cases  showing  abnormal  values  X number 
of  exposed  cases  showing  normal  values 


Ref.;  Hathaway  (1/7). 
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TABLE  VIII, A 

HEMOGLOBIN,  SERUM  GLUTAMIC  OXALACETIC  TRANSAMINASE  AND 
LACTIC  DEHYDROGENASE  OF  WORKERS  BEFORE  AND  AFTER  EXPOSURE  TO  TNT 


Teat 

Pre-employment 

Dec.  1973 

Jan . 

Feb. 

Mar . 

Apr.  : 

Hb 

15. 6a 

15.0 

15.2 

15.1 

14.8 

14.9 

SGOT 

35 

35 

32 

39 

58 

54 

LDH 

64 

53 

52 

51 

106 

103 

Production  rate 
(X  capacity) 

— 

75 

75 

75 

126 

1.00 

Average  TNT 
level  (mg/m3) 

— 

0.3 

0.3 

0.3 

0.8 

0.6 

a . Abnormal  vnl.uea  wore  considered  as  follows:  Hb  <13.5;  SGOT  >43;  LDH  >100. 


Ref.:  Morton  and  Ranudivo  (178), 
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Demographic  distribution  of  these  cases  was  studied  according  to  sex, 
ethnic  and  age  groups;  results  were  as  follows  (178), 

% of 


Total  no.  examined 

Abnormal  Values 

x! 

P 

Sex: 

Male 

37 

56.8 

0.21 

0.7>p>0.5 

Female 

6 

100 

1.32 

0.3>p>0.2 

Ethnic  group 

Caucasian 

42 

61.9 

0.01 

0.95>p>0.90 

Black 

1 

100 

0.22 

0.70>p>0.50 

Age  group 

18  to  29 

29 

55.2 

0.27 

0.7>p>0.5 

30  to  39 

7 

71.4 

0.08 

0.8>p>0.7 

40  to  49 

3 

100 

0.66 

0,5>p>0.3 

50  and  over 

2 

100 

0.44 

0.7>p>0.5 

Unknown 

2 

50 

0.22 

0.7>p>0.5 

In  order  to  detect  the  toxic  effects  of  TNT  by  biorhemical  changes,  Morton  and 
Ranadive  (178)  carried  out  epidemiological  studies  on  27  cases  to  determine 
which  one  of  these  tests  (Hb,  SGOT,  LDH)  might  be  used  for  routine  monitoring  of 
cases.  Their  results  were  as  follows! 


Test  6r  Combination 


Number  of  Abnormal b 
Detected 


% of  Total  Abnormala 
Detected 


Hb 

SGOT 

LDH 

Hb  and  SGOT 
Hb  and  LDH 
SGOT  and  LDH 
SGOT,  LDH  ard  Hb 


22 

41 

50 

57 

69 

71 

85 


25.9 

48.2 

5R.9 

67.1 

81.2 
83.5 

100.0 


They  concluded  that  none  of  the  above-mentioned  single  tests  was  sufficiently 
sensitive  to  be  used  as  the  only  indicator  for  the  detection  of  TNT  toxicity.  As 
they  indicated,  all  three  tests  should  be  carried  out  simultaneously  to  detect 
the  toxicity  from  TNT. 
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IX.  INDUSTRIAL  HEALTH  HAZARDS,  HYGIENIC 
AND  SAFETY  MEASURES  AND  STANDARDS  FOR  TNT 


The  potential  health  hazards  associated  with  the  production  and  handling  of 
TNT  constitute  a constant  threat  that  should  not  be  overlooked,  especially  in 
the  light  of  the  fact  that  an  estimated  200,000  tons  of  TNT  were  produced  in  U.S. 
Army  Ammunition  plants  in  1973  (179).  It  is  well  known  that  the  several  cases  of  in- 
toxication and  fatalities  that  occurred  during  World  War  I,  seriously  hampered 
efficiency  and  production  of  TNT,  and  disturbed  the  morale  of  employees  to  the 
point  that  the  manpower  problem  was  markedly  aggravated.  However,  by  enforcing 
strict  safety  and  hygienic  measures,  the  number  of  fatalities  from  TNT 
during  World  War  II  was  greatly  reduced. 

This  chapter  is  divided  into  3 main  sections  showing  the  industrial  health 
hazards  encountered  during  the  manufacture  and  handling  of  TNT}  various  safety 
and  hygiene  measures  to  be  undertaken}  and  a presentation  of  standards  for  ex- 
posure to  this  explosive. 

1,  Industrial  Health  Hazards 

TNT  is  one  of  the  most  widely  used  high  explosives  on  account  of  being  com- 
paratively safe  in  manufacture  and  Btorage.  However,  if  extreme  care  1b  not 
exercised  in  dealing  with  TNT,  explosion  and  health  hazards  might  occur. 

A.  Explosion  and  Fire  Hazards 

Although  TNT  is  one  of  the  least  sensitive  explosives  to  impact  and  friction, 
the  presence  of  gritty  foreign  materials  render  TNT  much  more  sensitive  to  impact. 
Also,  it  can  be  detonated  by  moderate  force  when  confined  between  metal 
surfaces  such  as  on  threads  of  bolts*,  by  burning  thick  pieces  in  cast  form,  and 
by  strong  Bhock  (2  kg  falling  for  130  cm  was  necessary  to  induce  detonation  ) 
or  sudden  and  rapid  heating  (2,  7,  180). 

TNT  does  not  appear  to  be  reactive  in  contact  with  acids;  however,  it 
reacts  vigorously  with  alkalies  and  reducing  agents(see  Chapter  II).  TNT  should 
not  be  used  in  the  presence  of  heavy  metals  or  admixed  with  large  amounts  of 
activated  carbon  (2). 

B.  Disaster  Hazards 

TNT  emits  toxic  fumes  of  nitrogen  oxides  on  decomposition  (8). 

C . Health  Hazards 

The  effects  in  workers  produced  by  TNT  exposure  were  discussed  in  detail  in 
Chapter  III.  The  following  is  an  enumeration  of  health  hazards  that  can  be 
caused  by  acute  or  chronic  exposure  to  TNT,  based  upon  that  discussion: 

1.  Liver:  acute  yellow  atrophy  and  toxic  jaundice 


59 


2.  Bloods  Methemoglobinemia  with  the  consequences  of  oxygen  deficiency, 

hemolytic  anemia  (in  G6PD-deficient  workers),  aplastic  anemia, 
and  thrombocytopenia 

3.  Hearts  depression  of  the  myocardium}  various  electrocardiographic 

changes 

4.  Blood  vessels s increased  permeability  to  proteins 

5.  Pancreas s exocrine  dysfunction 

6.  Skin:  dermatitis,  eczema 

7.  Eyes  arc-shaped  cataract  in  the  lens  after  forming  an  irregular  ring. 

8.  Teeth  and  oral  cavity:  carieB  and  stomatitis 

9.  Central  nervous  system:  various  functional  changes 

10.  Kidneys  partial  retention  of  sodium,  increased  excretion  of  porphyrins 

11.  Biochemical  changes:  increase  in  plasma  bilirubin  and  possible  changes 

in  SGOT , SGPT , and  SDH . 

12.  Gastrointestinal  tract:  gastritis,  nausea  and  vomiting}  epigastric  pain 
D.  Toxic  Hazard  Rating:  (8) 

1.  Acute  local:  irritant  1* 

2.  Acute  systemic:  ingestion  3**}  inhalation  3}  skin  absorption  2. 

3.  Chronic  local:  irritant  2;  allergen  2 

4.  Chronic  Byatemics  ingestion  3;  inhalation  3}  skin  absorption  3. 


* 2 ■ Moderate,  may  involve  both  irreversible  and  reversible  changes  not 
Bevere  enough  to  cause  death  or  permanent  injury. 

**3  * High,  may  cause  death  or  permanent  injury  after  very  short  exposure 
to  small  quantities. 

2.  Hygienic  and  Safety  Measures 

Measures  taken  to  protect  the  health  of  TNT  workers  have  proved  successful. 
These  measures  can  be  subdivided  into:  personnel  measures  and  safety  regulations, 
chemical  and  engineering,  and  medical  measures. 
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• Personnel  Measures  and  Safety  Regulations 


To  many  people,  engineering  and  medical  measures  taken  to  protect  TNT 
workers  are  enough  to  decrease  the  number  of  TNT  exposures  in  munition  plants. 
However,  the  employment  of  careless  persons  would  end  in  the  occurrence  of  in- 
toxication, no  matter  how  well  other  measures  are  followed.  It  is,  therefore 
of  great  importance  to  select  the  proper  workers  who  can  not  only  understand  the 
danger  of  TNT  to  their  health,  but  who  also  comply  with  the  various  safety 
regulations  existing  in  TNT  plants.  Personnel  and  Safety  measures  can  be 
grouped  under  the  following  main  headings  (18,20,24,27,28): 

1.  Selection  of  Workers 

The  following  measures  were  taken  in  selecting  employees  for  TNT  workers:  ■ 

1.  No  person  below  18  years  of  age  should  be  employed  in  TNT  manufacture 
at  any  stage  of  production. 

2.  No  one  showing  signs  of  anemia,  having  a hlBtory  of  gaBtrlc  troubles  or 
dyspepsia,  chronic  alcoholism  or  aBthma  should  be  admitted. 

3.  Personal  cleanliness  is  of  great  importance;  those  who  show  signs  of 
poor  personal  hygiene  practides  should  not  be  employed. 

4.  Differences  in  susceptibility  to  TNT  intoxication  due  to  race  and  sex  are 
disputed.  Women  and  Caucasians  have  sometimes  been  found  to  be  more  sus- 
ceptible than  men  and  black  people. 

ii.  Personal  and  Workshop  Cleanliness 

Strict  personal  cleanliness  of  workers  and  all  personnel  handling  TNT  is 
mandatory.  Special  attention  should  be  paid  to  frequent  cleaning  of  skin,  hair, 
teeth,  and  fingernails.  Throat  and  mouth  wash  may  be  supplied  to  workers. 

Furthermore,  cleanliness  of  workshops  provides  the  first  line  of  defense  against 
exposure  to  TNT.  This  can  be  attained  by  the  use  of  local  exhaust  ventilation, 
dusting  with  dampened  cloths  and  sweeping  floors  with  dampened  brooms. 

iii.  Educational  Programs 

All  workers  ought  to  be  taught  by  the  medical  officer  to  look  upon  TNT 
as  a dangerous  substance  that  can  cause  serious  disease  and  eventually  death. 

It  should  be  emphasized  that  TNT  can  be  absorbed  not  only  via  skin  but  can  also 
be  inhaled.  Notices  should  be  placed  In  conspicuous  places  in  all  shops,  stating 
the  dangers  and  precautions  to  be  observed.  Regulations  should  be  strictly 
observed  and  enforced. 

> , iv.  Alternation  of  Workers 

! In  the  past,  it  was  the  plan  of  some  plants,  as  a preventive  measure  against 

TNT  poisoning,  to  alternate  workers  on  a weekly  or  fortnightly  basis.  However, 

! this  has  proven  to  be  an  inefficient  way  of  preventing  toxicity. 

■I  ' 

i 
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v.  Handling  and  Storage 

TNT  should  be  handled  with  care,  by  people  wearing  mechanical  filter 
reapirators,  rubber  gloves  and  protective  overalls.  It  should  be  stored  in 
a permanent  magazine,  away  from  sources  of  heat  and  initiator  explosives. 

TNT  should  also  be  kept  separate  from  oxidizing  and  combustible  materials  (7). 

Storage  quantities  and  distances  Bhould  conform  to  the  Americal  Table  of 
Distances  for  Storage  of  Explosives  (2). 

vi.  Shipping  Regulations 

Details  of  safety  measures  for  shipping  of  TNT  are  mentioned  in  the  Ordnance 
l<-  Safety  Manual  ORD  M7-224  published  by  the  Ordnance  Corps,  Department  of  the  ' 

, I:  Army  (2) . ! 

ji:  ;! 

H B.  Chemical  and  Engineering  Measures 

From  Chapter  VII  it  is  clear  that  TNT  can  gain  access  to  the  body  through 
Inhalation,  gastrointestinal  tract  and/or  skin.  Protective  measures  should  be 
taken,  therefore,  to  prevent  the  concentration  of  TNT  fumes  or  duBt  from  | 

exceeding  the  Occupational  Safety  and  Health  Administration  Standard.  Continuous 
monitoring  of  TNT  in  air  is  mandatory.  Furthermore,  clean  protective  garments 
should  be  provided  for  workers  to  guard  agalnBt  skin  absorption  of  TNT.  Recom- 
mended measures  (28)  include)  j 

i,  Determination  of  TNT  in  Air 

The  level  of  TNT  in  air  should  not  exceed  the  present  OSHA  standard  of 
1.5  mg/m3.  Methods  for  determination  of  TNT  in  air  are  mentioned  in  the  fol- 
lowing chapter. 

■i 

ii .  Temperature  and  Humidity  Control 

Dermatitis  from  TNT  is  exacerbated  by  hot  weather  (see  Chapter  III) . There- 
fore, control  of  temperature,  humidity  and  air  motion  in  manufacturing  areas  is 
crucial. 

iii.  Proper  Ventilation 

The  degree  of  exposure  to  TNT  at  various  stages  of  production  and  handling 
as  well  as  the  measures  necessary  to  prevent  excessive  exposures  are  compiled 
by  Brandt  0-81)  in  Table  IX. 1,  Local  exhaust  ventilation  is  recommended  to  keep  , 

worker  exposure  at  safe  levels  of  TNT  in  workroom  air. 

i 

lv.  Disposal  and  Waste  Treatment  j 

Apart  from  other  techniques  such  as  evaporating  TNT  waste  or  draining  it  into  the 

the  nearest  stream,  or  the  methods  which  are.  discussed  in  detail  in  Chapter  VII,  the 

following  can  be  used  (7).  | 

) 
) 


J 
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TNT  cooling  TNT  fuae  and  vapor.  Slight  to  severe.  Mechanical  agitation.  Respirators  for 

Few  to  many  workers.  infrequent  exposures.  Adequate  room 

Intermittent  to  continuous  ventilation  and  respirators,  or  pre- 
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Brandt  (181) 


1.  Dissolve  TNT  in  alcohol,  benzene  or  any  combustible  solvent,  then 
spray  the  solution  into  a furnace  with  afterburner  and  scrubber. 

2.  TNT  can  be  treated  with  sodium  bicarbonate  or  mixed  with  sand-soda 
ash  (9 si)  and  then  burned  in  an  open  furnace. 

C.  Medical  Measures 


To  perform  medical  examination  of  TNT  workers,  the  following  facilities 
should  be  available:  dispensary,  laboratory,  first  aid  stations,  ambulance  service 
and  a well  equipped  plant  (and  community)  hospital.  Furthermore,  It  is  of 
paramount  importance  to  have  plans  and  procedures  for  handling  large  number 
of  casualties  in  the  event  of  a disaster. 

The  Important  role  played  by  medical  personnel  does  not  end  by  performing 
pre-employment  physical  examinations  (see  part  A.),  but  rather  is  continuing. 

The  following  are  the  responsibility  of  the  medical  team: 

i . Routine  Check  on  All  Employees 

Evaluation  of  liver  function  and  hematologic  status,  as  well  as  physical 
examination  of  all  employees  ahould  be  carried  out  routinely.  Workers  With  early 
symptoms  of  jaundice,  skin  pallor,  cyanosis  or  dermatitis  should  not  be  allowed 
to  continue  work  (28).  Complete  blood  counts  and  liver  function  tests  are  also 
recommended  every  6 months  (7).  Special  recheck  examination  for  those  in  toxic 
exposures (17S)as  well  as  supervision  of  TNT  absentees  (182)  are  recommended. 

ii . Sanitary  Supervision 

Medical  personnel  are  responsible  for  medical  inspection  of  all  operations, 
control  of  food  and  water  sanitation,  sanitation  of  bathrooms  and  bathhouses, 
and  control  of  workers'  perBonal  hygiene..  The  following  hygienic  facilities 
Bhould  be  provided. 

1.  Since  TNT  can  be  absorbed  through  the  skin,  daily  showers  are  important. 
Ordinary  soap  Is  not  effective  in  completely  removing  TNT;  therefore  a special 
liquid  Boap  to  which  ia  added  5 to  10%  potassium  Bulfite  and  5 to  15%  of  an 
appropriate  wetting  agent,  can  be  used  (28). 

2.  A clean  work  suit,  cap  and  underwear  Bhould  be  provided  to  each  employee 
every  day  (183,184)  to  prevent  skin  contact.  This  protective  clothing  should 

be  designed  to  minimize  skin  contact  at  the  neck,  wrists  and  ankles,  Eye  contact 
can  be  prevented  by  using  safety  glasses  or  face  shields  (2).  To  prevent 
ingestion  of  TNT,  food  and  drink  muBt  be  excluded  from  the  work  area.  [Nutri- 
tious meals  are,  however,  recommended  (182).] 

3.  Standards  for  TNT 

The  threshold  limit  value  (TLV)  of  1.5  mg/m*  for  TNT  was  adopted  as  a 
standard  by  the  U.S.  Occupational  Health  and  Safety  Administration  (185).  The 
safety  of  this  TLV  value  is  questioned  by  several  authors  (100,  177,  179).  The 
maximum  allowable  concentration  of  TNT  in  the  U.S.S.U.  and  Czechoslovakia  is 
1.0  mg/m2 3.  Buck  and  Wilaon  (179)  recommend  a TLV  of  0.5  mg/m3  for  atmospheric  TNT. 
The  U.S.  Army  has  lowered  its  standard  to  0,5  mg/m3  as  specified  in  DARCON  Regu- 
lation 40-3,  10  November  1976. 
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X.  SAMPLING  AND  ANALYSIS  OF  TNT 

TNT  14  commercially  prepared  by  the  three-stage  nitration  of  toluene,  a 
process  during  which  various  trinitro-isomers  are  produced  (aee  chapter  II) . 

It  can  also  be  prepared  by  a continuous  process  in  which  toluene  is  nitrated 
to  the  mono-,  dl-,  and  trinitro  products  in  a series  of  eight  nitration 
vessels  (186).  Purification  of  TNT  is  accomplished  by  washing  crude  TNT  with 
aqueous  sodium  sulfite  solution  (16%)  which  is  strongly  nucleophilic 
towards  activated  aromatic  nitro  groups . All  nitro  groups  in  a-TNT  being  meta 
to  one  another  are.  not  activated  t:o  any  extent.  However,  in  all  other  isomers 
(mentioned  in  Chapter  II)  there  is  one  nitro  group  that  is  ortho  to  a second 
nitro  group  and  ortho-  or  para-  to  a third  one.  ThiQ  results  In  a double  acti- 
vation of  the  first  group  by  a second  and  third  one;  thuB  the  5-nltro  of  TNT, 
and  the  3-nitros  of  0-  and  n~TNT  (the  major  isomeric  impurities  which  amount 
to  3 to  5%)  are  readily  displaced  by  sulfite  ion,  which  results  in  the  formation 
of  the  water-soluble  dinitrotoluenesulfonates . The  intensely  colored  wash 
solution,  known  as  "red  water",  which  contains  25%  dissolved  solids  (17)  Is 
usually  drained  to  the  nearest  water  stream.  When  Buch  TNT-contalning  water  is 
exposed  to  sunlight,  it  develops  a highly  visible  color  and  is  called 
"pink  water". 

Rapid  analytical  methods  are  then  necessary  to  determine  the  crude  and 
refined  TNT,  during  the  manufacturing  procesB,  as  well  as  to  detect  the  extent 
of  environmental  pollution  in  "pink  water"  which  might  prove  fatal  to  aquatic 
creatures  and  to  man. 

Furthermore,  detection  and  identification  of  trace  amounts  of  TNT  in 
air,  particularly  in  the  atmosphere  of  munition  plants  is  of  paramount  impor- 
tance to  keep  the  concentration  of  TNT  below  the  OSHA  standard  of 
1.5  mg/m1 2 3 4.  Furthermore,  as  airplane  bombings,  hijackings  and  various  threats 
to  civilian  areas,  such  aB  banks  and  public  buildings,  have  grown  in  intensity 
and  sophistication,  the  need  for  devices  to  detect  ultra-trace  quantities  of 
TNT  has  become  crucial. 

Likewise,  methods  to  detect  TNT  in  the  biological  fluids  of  workers  and 
experimental  animalB  exposed  to  this  explosive  are  of  extreme  importance. 

Methods  of  sampling  and  analysis  of  TNT  are  mentioned  hereafter  according 
to  the  purpose  for  which  they  are  used.  Thus,  the  following  topics  will  be 
discussed: 

1.  Analysis  of  TNT  during  manufacturing 

2.  Analysis  of  TNT  in  water 

3.  Analysis  of  TNT  in  biological  fluids: 

A.  Urine 

B.  Blood 

4.  Analysis  of  TNT  in  air. 

1.  ANALYSIS  OF  TNT  DURING  MANUFACTURING 


Several  methods  for  the  determination  of  the  purity  of  TNT  during  the 
process  of  nitration  and  subsequent  purif ication  are  employed.  Among  these 
are  paper  chromatography,  thin  layer  chromatography,  gaB  chromatography, 
potentiomettic  and  colorimetric  methods. 
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A.  Paper  Chromatography 

Rapid  Identification  of  TNT  can  be  achieved  by  one-dimensional  descending 
paper  chromatography  using  2 different  systems:  a.)  formamlde  <25%  in  acetone 
for  impregnation)  as  stationary  phase  and  1:1  cyclohexane-benzene  as  mobile 
phase;  b.)  heavy  mineral  oil  (10%  in  n-hexane)  with  ion  exchange  water.  In 
both  systems  TNT  has  an  Rf  of  5 to  6.  The  Rf  values  for  other  nitro  compounds 
have  been  obtained  <187). 

B.  Thin  Layer  Chromatography  (TLG) 

In  order  to  study  and  improve  the  continuous  TNT  process,  as  well  as  to 
detect  the  impurities  during  the  process  of  purification,  Kohlbeck  et  al. 

(188)  mentioned  the  details  of  a thin-layer  chromatographic  separation 
of  TNT  from  other  impurities.  Quantitative  determinations  using  TLG  are  quite 
difficult  due  to  variations  in  spot  shapes  ,and  Bizes,  staining  reagents  and 
densitometric  response.  This  fact,  along  with  the  low  volatility  of  TNT,  moti- 
vated Doali  and  Juhasz  (189)  to  use  high  speed  liquid  chromatography, 
which  provides  favorable  speed,  and  yieldB  a good  quantitative  analysis  In  the 
microgram  range. 

Common  impurities  and  some  products  of  TNT  oxidation  or  reduction  can  be 
separated  and  identified  by  two-dimensional  thin-layer  chromatography  (TLC) , 
as  described  by  Yanuda  in  1964  (190) , 

Possible  separation  of  mixtures  of  isomers  of  TNT  and  byproducts  from  the 
production  of  di-  and  trinitrotoluenes  was  accomplished  by  the  use  of  thin- 
layer  chromatography  (TLC)  on  silica  gel  6 and  ethyl  acetate-petroleum  ether 
as  solvent  (191) . 

C.  Gas  Chromatography  (GC) 

An  accurate  gas  chromotographic  technique  for  the  determination  of  TNT, 
its  isomers,  and  other  impurities  in  samples  taken  throughout  the  continuous 
TNT  manufacturing  process,  was  described  by  Dalton  in  1970  (192).  This  method 
depends  on  the  use  of  a flame  ionization  detector  which  can  be  programmed  to 
obtain  adequate  separation  of  the  various  components  when  the  sample  contains 
aromatics  with  all  degrees  of  nitration. 

Separation  and  identification  of  TNT  and  its  isomers  (except  for  2,3,6-TNT) 
as  well  as  DNT  iBomers  that  might  be  present  in  a sample  of  TNT,  was  carried 
out  by  Gehring  and  Shirk  ( 193)  UBlng  gas  chromatography. 

D . Potantiometric  Methods 


A non-aqueous  potentiometric  titration  of  TNT  as  acid  waB  described  by 
Sarson  in  1958  (194),  TNT,  dinittutoluene  (DNT)  and  mononitrotoluene  (MNT) 
are  differentially  resolved  by  titration  in  methyl  isobutyl  ketone  and  di- 
methyl formamlde  . 

Another  potentiometric  method  for  the  determination  of  TNT  in  non-aqueous 
media  in  the  presence  of  nitric  and  Bulfuric  acid,  was  mentioned  by  AkBenenko 
and  Tatarnikova  ( 195) . 
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E.  Colorimetric  Methods 


TNT  can  be  determined  Indirectly  during  the  manufacturing  process  by  deter- 
mining the  undesired  TNT  isomer,  2,4,5-TNT,  using  a colorimetric  method  (196). 
This  method  detects  changes  in  2,4,5-TNT  content  indicative  of  malfunction  in  the 
TNT  process . 

2 , ANALYSIS  OF  TNT  IN  WATER  (TNT  WASTES) 

Colorimetric  methods  as  well  as  methods  utilizing  gas  and  liquid  chroma- 
tography have  been  described. 

A.  Colorimetric  Methods 

A simple  method  for  the  determination  of  TNT  in  TNT  wastes  wab  described 
in  1968  by  Mudri  (197).  This  depends  on  the  color  that  develops  by  the  action 
of  sodium  sulfite  and  sodium  hydroxide  solutions  on  TNT,  which  can  be  deter- 
mined nolorimetrically  or  spectrophotometrically  at  a wavelength  of  500  nm. 

Hess  et  al.  (198)  .reported  a colorimetric  method  for  the  determina- 
tion of  TNT  in  water.  The  method  depends  on  treating  the  water  sample  with 
15%  potassium  hydroxide  solution  to  produce  a Meisenheimer  complex,  whose 
intensity  can  be  monitored  at  440  nm  using  an  analytical  calibration  curve 
established  from  known  solutions  of  TNT.  This  method  is  usable  to  80  ppm 
oc-TNT  and  the  analytical  working  curve  is  linear  up  to  20  ppm. 

B . Gas  Chromatography 

Obsolete  TNT  has  been  disposed  of  in  deep  Bea  water.  It  ia  possible  that 
sea  water  near  these  dumping  Areaa  can  be  polluted  by  TNT  and  that  la  whv 
Hoff sommer  and  Rosen  (199)  reported  in  1972  a method  whereby  parts  per  billion 
to  parts  per  trillion  of  TNT  in  sea  water  can  be  detected.  The  details 
of  thiB  method  which  implies  the  use  of  vapor  gaB  chromatography  with  the 
nickel-63  electron  capture  detector,  are  described.  Another  method  for 
analysis  of  TNT  in  sea  water  and  ocean  floor  sediment  was  described  by  the 
same  authors  (200) . 

C.  Liquid  Chromatography 

Characterization  of  TNT  in  waste  waters  by  liquid  chromatography 
wna  described  by  Walsh  et  al,(201).  Adsorption  of  nit.ro  compounds  was  accom- 
plished on  an  adsorbent  resin  of  the  styrene-divinylbenzene  copolymer  type. 


3 • ANALYSIS  07  TNT  IN  BIOLOGICAL  FLUIDS 

l 

Determination  of  TNT  in  biological  fluidB  is  of  great  importance  to  detect 
the  amount  of  TNT  in  victims  of  TNT  intoxication.  Methods  for  determination  of 
TNT  in  urine  and  blood  are  presented. 

A.  Urine  Analysis 

The  following  tests  were  used  to  detect  TNT  in  the  urine  of  persons  and 
experimental  animals  that  were  exposed  to  TNT. 
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i.  Webster  Tost  (1916) 


Tills  test,  although  commonly  used  for  detecting  TNT  in  urine,  is  only 
a qualitative  indication  of  exposure  to  TNT[  and  is  considered  by  several 
authors  to  be  an  unreliable  method  of  detecting  early  TNT  intoxication 
(Snyder  and  von  (let  t ingen  1943,  202;  Pinto  and  Wilson  1943,  203).  This  test 
was  introduced  by  Webster  in  1916  (204),  and  depends  on  the  formation  of 
purple  color  where  the  acidified  urine  samples  are  extracted  with  ether,  and 
the  latter  Is  treated  with  an  alcoholic  solution  of  potassium  hydroxide. 

This  test  is  undependable  because  the  color  developed  is  "fugitive"  and  might 
give  rise  to  erroneous  conclusions;  furthermore,  negative  results  were 
obtained  in  severe  cases  of  TNT  intoxication. 


Three  years  later,  Elvove,  in  1919  (205)  tried  to  modify  the  Webster 
test  and  make  it  "nearly  quantitative",  but  the  need  for  a more  specific  and 
quantitative  test  for  TNT  was  necessary;  the  following  methods  were,  therefore, 
adopted. 

i i . Method  of  Snyder  and  von  Oettingen  (.1943) 

This  method  depends  on  the  presence  of  the  TNT  metabolite,  2,6-dinitro- 
4-amino toluene  in  the  urine  of  men  and  experimental  animals  exposed  to  TNT. 

The  amine  is  extracted  from  urine  by  ether,  then  after  evaporation  of  the 
ether,  the  residue  is  diazotized  and  coupled  with  ot-naphthylamine , The  stable 
orange  yellow  color  (C.  F.  Webster  test)  of  a toluene  extract  is  then  compared 
with  a set  of  standards.  Using  this  method  to  analyze  the  urine,  of  98  women 
and  245  men  exposed  to  TNT  the  average  daily  excretion  of  the  amine  was  1.29  mg 
and  2.06  mg,  respectively  (202). 

In  r recent  article,  however,  Hassman  ( 206)  found  a close,  correlation 
between  the  Webster  reaction  and  the  ascertained  values  of  2,6-dinitro-4-amino- 
toluene  in  the  urine  of  55  workers. 

lii . The  Method  of  Pinto  and  Wilson  (1943) 

This  is  a photoelectric  colorimetric  method  and  basically  depends  on  the 
diazotlzation  and  coupling  with  dimethyl-a-nuphthylamine  of  the.  triuminotoluene . 
The  .Latter  is  produced  from  TNT  and  its  derivatives  that  are  extracted  from 
urine  by  ether,  and  subsequently  reduced,  in  aqueous  solution,  by  titanium 
chloride.  This  method  does  uot  differentiate  between  TNT  and  other  aromatic 
nitro  compounds  present  in  urine,  and  great  variations  in  results  were  obtained. 
Expressed  as  TNT,  the  amount  of  TNT  derivatives  In  the  urine  of  workers  exposed 
to  TNT  varied  from  1 to  101  pg/uil  of  the  urine  (203). 

B . Blood  Analysis 

Rnubal  in  1949  (207)  described  the  use  of  a polarographic  method  for  the 
determination  of  TNT  in  blood.  No  characteristic  polarographic  wave  could  be 
demonstrated  in  the  erythrocytes  after  intravenous  injection  of  20  mg  of  TNT  to 
dogs.  However,  TNT  could  be  detected  in  erythrocytes  and  plasma  of  a 5.3  kg 
dog  that  was  given  0.25  g TNT  orally,  only  after  allowing  the  reduction  solution 
(melol-hydroquinone)  used  for  the  determination  to  act  for  a considerable  period 
of  t line . 
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A photocolorimetric  method  for  the  estimation  of  2,6-dinitro-4-aminotoluene , 
a product  of  TNT  biotransformation , in  blood  of  exposed  workers,  was  described 
by  Chiecchio  in  1960  (208'* , 

4.  ANALYSIS  OF  TNT  IN  AIR 


Rapid  detection  of  trace  amounts  of  TNT  in  ambient  atmosphere  is  necessary 
not  only  for  monitoring  its  concentration  at  various  Btages  of  production  in 
ammunition  plants,  but  also  to  give  the  most  viable  approach  for  the  detection 
of  hidden  explosives.  The  concentration  of  TNT  in  nir,  directly  above  the 
sample,  at  room  temperature  is  10"s  mg/1  (209) . 

A number  of  laboratory  procedures  for  the  dutection  and  identification  of 
TNT  are  available,  among  which  is  gaB  chromatography  (GC)  with  electron  capture 
detectors  (ECO),  mass  spectrometry  (MS)  or  GC-MS.  The  drawbacks  of  these  methods 
are:  a.)  generally  they  involve  a preconcentration  step  from  a large  air 
sumple;  b.)  usually  there  is  a considerable  loss  of  sample  through  surface 
adsorption,  a phenomenon  which  1b  very  significant  in  the  case  of  TNT;  and  c.) 
lack  of  selectivity.  These  disadvantages  can  be  overcome  by  the  use  of  the 
modern  technique:  plasma  chromatography. 

A.  Spectrophotometric  Methods 

TNT  dust  and  vaporB  can  be  measured  simply  by  passing  the  air  sample  through 
a midget  impinger  containing  diethylaminoethnnol ; a reddish  coloration  that  1b 
proportional  to  the  TNT  content  develops  and  can  be  measured  spectrophotometrically 
at  490  nm  (210). 

B.  Colorimetric  Methods 

Determination  of  TNT  in  the  workroom  atmosphere  was  carried  out  by  Kay 
(Jill).  The  method  which  depends  on  the  red  coloration  produced  when  TNT 
in  acetone  is  treated  with  an  aqueous  solution  of  sodium  hydroxide,  is  not 
very  accurate  (±  10%) . 

Another  colorimetric  method  for  the  estimation  of  airborne  TNT  was 
mentioned  a few  years  later  by  Cumming  and  Wright  (212),  This  depends 
on  the  absorption  of  TNT  in  a mixed  solvent  of  methyl  ethyl  ketone  and  cyclo- 
hexanone, to  which  a little,  potassium  hydroxide  solution  was  added.  A special 
Tintometer  disc  was  used  for  comparison. 

A colorimetric  method  for  the  determination  of  TNT  in  air,  in  the  presence 
of  DNT  waB  described  by  Gronsberg  in  1962  (213) . The  method  depends  on  collecting 
TNT  in  air  (which  must  not  exceed  0,1  mg)  on  an  ashless  filter,  which  is  then 
washed  with  alcohol.  The  alcoholic  solution  is  then  treated  with  sodium  hydroxide 
solution,  and  the  violet  color  thus  obtained  is  compared  with  a series  of  stan- 
dards . 

C . Gas  Chromatography  (GC)  Techniques 

Gas  chromatography  offers  a reliable  means  of  separating  and  estimating 
the  individual  TNT  isomers  as  well  as  other  dinitrotoluenes  and  other  impurities 
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that  might  be  present.  Furthermore,  it  provides  the  advantage  of  the  possibil- 
ity of  the  development  of  an  automated  instrument  for  the  continuous  monitoring 
of  atmospheric  TNT.  The  proper  choice  of  the  GC  column  provides  the  means 
by  which  the  GC  technique  can  be  selective  for  TNT.  The  use  of  the  proper 
sampling  techniques  and  of  an  electron  capture  detector  can  increase  the  tten- 
sitivity  to  traces  of  TNT,  which  has  strong  electron-capturing  characteristics. 


A method  for  the  qualitative  and  quantitative  detection  of  vapors  of  TNT 

which  depends  on  the  use  of  an  electron  capture  detector  was  invented  in  1975 
by  Jenkins  (214) . 

An  analytical  method  for  evaluation  of  exposures  to  TNT  in  the  work  place 
was  described  by  Saltzman  et  al.  (215).  Samples  are  collected  at  the 
breathing  zone  of  the  worker  on  organic-free  glass  fiber  filters.  The  TNT 
thus  collected  is  dissolved  in  ethyl  acetate  and  injected  into  a portable  gas 
chromatograph  equipped  with  a flame  ionization  detector.  Methods  of  generation 
of  trace  vapor  concentrations  of  TNT  for  calibrating  exposive  vapor  detectors 
were  mentioned  by  Pella  in  1976  (216) . 

The  main  problems  encountered  in  the  use  of  automated  GC  apparatus  can 
be  enumerated  as  follows: 

1.  The  low  resolution  and  peak  tailing  of  interfering  substances  can 
obscure  results. 

2.  The  significant  effect  of  previous  TNT  samples,  other  impurities  and 
materials  from  the  sample  inlet  surfaces  on  the  memory  of  the  sample 
concentration  system. 

3.  A very  close  control  of  the  column  temperature  and  carrier  flow  is 
mandatory. 


D.  Mass  Spectrometry  (MS) 

Compared  to  GC,  MS  offers  the  advantages  of  selectivity,  rapid  response  and  high 
sensitivity  for  the  detection  of  traces  of  TNT  in  air.  The  mass  spectra  of  8 

military  grade  TNT  (which  is  nearly  pure  a-TNT  with  small  amounts  of  other 

isomer8  of  dinitrotoluene)  was  reported  by  Murrmann 
et  al.  (217)  in  1971.  The  maBB  spectra  obtained  revealed  that  each 
compound  has  a strong,  distinctive  base  peak  M+  at  m/e  37.  Also 
the  abundant  fragment  iou  at  m/e.  63  and  89  permits  measuring  the  sum  of  these 
two  compounds  (.TNT  and  2-4  DNT)  that  are  usually  present  together  in  explo- 
a ves.  Results  of  analysis  of  a typical  military  grade  of  TNT  are  as  follows: 
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TABLE  X.l 


Composition  of  the  Solid  and  the  Equilibrium 
Vapor  Phases  of  Typical  Military  Grade  TNT 


Compound 

Solid  phase 
composition  (%) 

Vapor  phase 
composition  (%) 

2, A, 6 TNT 

99.80 

58(1  x 10“5  mm) 

2,3,5  TNT 

0.08 

trace 

2, 3, A TNT 

0.02 

3 

2,4  DNT 

0.08 

35 

2,5  DNT 

<0.01 

4 

3,5  DNT 

<0.01 

trace 

3, A DNT 

trace 

trace 

2,6  DNT 

trace 

trace 

Other  impurities 

None  detected 

No  determination 

Ref.s  Murrmann  et  al.  (217). 


A totally  automated  quadrupole  mass  spectrometer  specifically  designed 
by  Olfax  Instrumenta  and  computerized  for  the  routine  monitoring  of  TNT  waB 
evaluated  by  Spangler  (218) . In  this  instrument  a gas  or  liquid  Bample 
can  be  directly  introduced  through  a silicone  membrane  interface.  In  his 
report,  Spangler  performed  a careful  theoretical  analysis  of  the  permeability 
of  TNT  to  the  dual  stage  Bilicone  membrane  interface,  and  followed  this  sec- 
tion with  experimental  observation.  He  found  that  the  sensitivity  of  the 
Olfax  Monitor  to  TNT  vapor  is  1 part  in  1010  at  m/e  89,  and  1 part  in  109  at 
m/e  210.  He  also  found  that  the  optimum  temperature  for  the  membrane  inlet 
system  in  case  of  TNT  is  150  to  160®C,  at  which  temperature  losses  of  vapor 
transport  due  to  adsorption  are  minimized. 

One  of  the  major  drawbacks  in  the  use  of  mass  spectrometry  is  that 
oxygen  and  water  present  in  the  air  sample  are  admitted  through  the.  membrane 
to  the  MS  in  source.  These  compounds  proved  to  have  an  unfavorable  effect 
on  the  ionizing  filament  and  also  deposited  an  insulating  film  on  the  MS 
surfaces  (209  ), 

E . Plasma  Chromatography 

Plasma  chromatography  provides  a simple  and  rapid  method  that  is  suffi- 
ciently selective  and  sensitive  to  detect  TNT  in  ultra-trace  concentrations 
in  air.  The  principle  of  this  method  is  the  use  of  an  ion-molecule  reactor 
at  atmospheric  pressure,  coupled  to  an  ion-drift  spectrometer  to  produce 
characteristic  ion  mobility  spectra  of  trace  compounds  contained  in  the 
carrier  gas.  Using  this  technique  Wernlund  (219)  was  able  to  detect  selec- 
tively nanogram  and  less  quantities  of  TNT  in  river  water.  Karasek  (209) 
and  Karasek  and  Denney  (219)  were  able  to  identify  picogrum  or  less 
quantities  of  TNT  in  air.  TNT  produced  strong  positive  and  negative  mobility 
spectra;  using  the  plasma  chromatograph,  a rapid  analysis  of  TNT  in  air  can 
thus  be  obtained. 


Extremely  low  concentrations  of  TNT  in  air  can  be  detected  by  utilizing 
an  electron  transfer  reaction  in  combination  with  a low  resolution  mass  filter 
(220)  • This  method  depends  on  mixing  the  air  sample,  under  investigation 
with  a negatively  ionized  gas  in  a reaction  chamber.  Electrons  are  trans- 
ferred from  the  gas  to  TNT  molecules  to  form  negative  ions.  A drift 
field  is  then  applied  to  the  mixture  in  the  reaction  chamber  to  trans- 
port the  negative  ions  therein  in  a desired  direction  out  of  the  reaction 
chamber.  The  ions  thus  transported  generate  an  electrical  current,  which 
provides  an  indication  of  the  TNT  concentration  in  air.  Mixtures  of  TNT  and 
nitroglycerin  can  also  be  detected. 


In  an  exhaustive  survey  of  the  sensitivity  and  specificity  of  several 
detection  systems  used  for  the  determination  of  explosives  in  air,  Wall  and 
Gage  (221)  examined  the  following  methods: 

1.  Ion  mobility  spectrometer  (a  type  of  plasma  chromatograph) 

2.  Bioluminescent  sensor  system 

3.  Portable  quadrupole  mass  spectrometer 

4.  Model  27  Gelignite  detector 

5.  Model  58  explosive  detector 

6.  Explosive  detection  dogs* 


Concerning  TNT,  the  following  resultB  were  given. 


Detection  System 


Specificity 


Bioluminescent  Sensor  System 

Mass  Spectrometer 

Model  58,  Explosive  Detector 


Fair 

Excellent 
Fair  to  Good 


Sensitivity 

30  PPB* 
25  PPB 
0.2  PPB 


* Parts  Per  Billion 


XI . TECHNICAL  SUMMARY 
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The  compound  2,4,6-trinitrotoluene,  known  also  as  a-trinitrotoluene  or 
simply  TNT,  was  first  synthesized  by  Wilbrand  in  1863.  Twenty-two  years  later, 
it  was  adopted  by  German  military  authorities  for  filling  shells.  Several 
other  countries  soon  followed  and  millions  of  tons  of  TNT  were  used  during 
World  Wars  I and  II.  It  was  estimated  that  200,000  tons  of  TNT  were  pro- 
duced in  U.S.  Army  Ammunition  plants  in  1973  (179). 

Before  World  War  I,  TNT  was  thought  to  be  a safe  and  harmless  compound, 
and  was  described  by  Dr.  Prosser  White,  a then  recognized  authority  on  in- 
toxication by  the  toluene  derivatives,  as  an  innocuous  nontoxic  substance  which 
had  never  been  known  to  produce  illness.  It  was  not  until  February  1915,  that 
that  prevailing  belief  was  strongly  shaken  when  the  first  death  attributed  to 
TNT  and  diagnosed  as  "toxic  jaundice"  was  announded.  However,  in  the 
manufacture  of  TNT,  great  care  is  taken  against  accidental  explosions  which 
are  so  great  a threat  that  they  usually  overshadow  the  lesB  spectacular  but 
real  danger  of  TNT  exposure. 

It  is  the  objective  of  this  monograph  to  review  and  evaluate  the  present 
status  of  knowledge  of  TNT  and  provide  recommendations  for  future  studies. 

For  this  reason,  the  following  topics  have  been  discussed:  physical  and 
chemical  properties}  human  toxicity  and  fatalities}  toxicologic  investigations 
in  animals}  carcinogenicity,  mutagenicity  and  teratogenicity}  relationship 
between  dietary  factors  and  TNT  poisoning}  absorption,  distribution,  biotrans- 
formation, excretion  and  biodegradation}  epidemiology;  industrial  health 
hazards,  hygienic  and  safety  measures  and  standards;  and  sampling  and  analysis 
of  TNT. 

1 , PHYSICAL  AND  CHEMICAL  PROPERTIES 


TNT  occurs  as  yellow  monoclinic  needles  and  melts  at  80.9°C.  In  chapter 
II,  its  solubility  in  various  solvents,  its  reactivity  with  different  compounds, 
its  stability  and  its  sensitivity  to  impact  were  mentioned, 

TNT  can  be  prepared  by  nitration  of  toluene  by  tne  three-stage  or  by  con- 
tinuous processes.  Crude  TNT  thus  obtained  contains  5 to  7%  impurities;  the 
chief  contaminants  are  8-  and  Y~i8omers  (see  Figure  II. 1,),  and  also  traces  of 
trinitrobenzoic  acid,  trinotrobenzene  aid  tetranitromethane . These  impurities 
not  only  decrease  the  melting  point  of  TNT  but  also  impart  an  objectionable 
greasy  character.  The  presence  of  these  impurities  is  also  objectionable 
because  the  nitro  groups  in  the  ortho-  and  para-  positions  are  labile  in 
nature  and  are  easily  hydrolyzed  with  the  liberation  of  free  nitric  acid. 
Munition  grade  TNT  contains  less  than  1%  impurities. 

As  an  explosive  TNT  is  about  95%  as  powerful  as  picric  acid.  The  velocity 
of  its  detonation,  which  is  a measure  of  violence  of  explosion,  is  about  7,000 
meters  a second;  that  of  picric  acid  is  7,300. 

TNT  can  be  used  as  an  explosive,  alone  or  mixed  with  oxygen-rich  substances 
such  as  ammonium  nitrate.  The  power  of  40/60  amatol  (which  contains  40%  ammo- 
nium nitrate  and  60%  TNT)  is  1.16;  that  of  80/20  amatol  is  1.27  times  that 
of  picric  acid, 
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TNT  reacts  with  alkalies  to  form  dangerously  sensitive  compounds;  exposure 
to  sunlight  and  ultraviolet  radiation  results  in  the  formation  of  photodecompo- 
sition products  (see  Figure  11.2.). 

Commercial  grade  TNT  is  relatively  safe  in  traneport  and  storage  as  com- 
pared to  other  explosives.  It  is  stable  in  contact  with  metal.  TNT  is  reactive 
with  aldehydes,  alkalies,  alkoxldes,  amines,  acids,  sulfides  and  sulfites  (1,3). 

2.  HUMAN  TOXICITY  AND  FATALITIES 


Exposure  to  TNT  is  the  main  source  of  toxicity  for  workers  in  ordnance 
plants.  However,  exposure  to  the  fumes  in  nitrating  rooms,  which  consist  of 
nitric  acid  fumes,  nitrous  oxide,  methane,  hydrogen  and  chlorine  gases,  can 
cause  severe  bronchitis  and  edema  of  the  lungs.  The  human  toxicity  of  TNT,  on 
the  other  hand,  will  be  briefly  summarized  according  to  its  effect  on  various 
tissues . 


A.  ORGAN  TOXICITY 


a.  Hepatotoxicity . 

Exposure  of  workers  in  ammunition  plants  to  TNT  during  World  War  1 re- 
sulted in  475  cases  of  toxic  jaundice  in  England,  of  whom  125  died.  In  the 
U.S.A.,  7,000  cases  were  reported  and  the  death  toll  was  105  (23).  During  World 
War  II,  only  8 workers  died  from  toxic  hepatitis  in  the  U.S.A.  (24). 

Toxic  jaundice  is  due  to  the  direct  effect  of  TNT  on  the  liver  cells  and 
apparently  it  follows  degeneration  and  consequent  obliteration  of  bile 
capillaries.  The  thymol  turbidity  teat  (23  ) as  well  as  determination  of  SGOT 
and  LDH  in  serum  (177)  were  used  to  detect  early  liver  impairment. 

b.  Hemo toxicity 

Red  Blood  Cells  (RBC)*.  Exposure  to  TNT  decreases  the  oxygen  carrying  capacity 
of  RBC  by  the  formation  of  methemoglobin  (37  ) and  nitric  oxide  hemoglobin  (36), 

A decrease  in  number  and  hemoglobin  content  of  RBC  was  also  reported  after 
exposure  to  TNT.  Cases  of  aplastic  anemia,  which  together  with  toxic  hepatitis 
are  the  main  causes  of  death  in  TNT  toxicity,  have  been  reported  (31,  34,, 

43,  44),  Some  believe  that  TNT-iuduced  aplastic  anemia  is  a rare  response- 
occurring  only  in  certain  susceptible  persons  where  the  bone  marrow  is  depressed 
regardless  of  age  or  physical  characteristics  (42) . 

Aplastic  anemia  can  occur  during  or  immediately  after  a fairly  long  period 
of  exposure  to  TNT.  Several  cases  were  preceded  by  an  episode  of  toxic  jaundice 
or  hepatitis  (45) . 

As  to  the  size  of  RBC,  monocytic  and  megalocytic  cells  were  found  in  pa- 
tients intoxicated  with  TNT  (34), 

Hemolytic  anemia  waa  also  reported  especially  in  workers  deficient  in  the 
enzyme,  glucose-6-phosphate  dehydrogenase  [G6PD]  (39,  40). 


White  Blood  Cells  (WBC) i An  early  reaction  to  TNT  exposure  is  an  in- 
crease in  the  large  mononuclear  leukocyte  count  which  usually  precedes  any 
clinical  symptoms  from  intoxication  with  this  compound.  It  can,  therefore,  be 
used  as  a test  for  the  differential  diagnosis  of  TNT  intoxication.  This  is 
usually  followed  by  a decrease  in  the  number  of  polymorphonuclear  leucocytes 
and  an  increase  in  the  lymphocytes  (34,  47). 

Blood  Platelets:  The  number  of  blood  platelets  iB  decreased  in  certain 
cases  of  TNT'  Intoxication.  The  low  platelet  count  together  with  the  increased 
fragility  of  cupillaries  leads  to  toxic  purpura  (34) . 

Bone  Marrow:  Hyperplasia  of  the  bone  marrow  is  the  first  reaction  of  the 
hemopoietic  tissues  to  TNT  toxicity  (34  ) , This  reaction  was  ascribed  to  the 
increased  oxygen  demand  caused  by  the  altered  hemoglobin,  as  well  as  by  the 
products  of  blood  destruction  (36  ).  However,  further  intoxication  with  TNT 
depresses  the  blood-forming  tissues,  and  the  bone  marrow  becomes  hypocellular 
(34  ). 


c • Cardiotoxicity 

Because  of  the  overwhelming  toxic  effects  of  TNT  on  the  liver  and  blood, 
less  attention  has  been  paid  to  the  cardiotoxicity.  Soboleva  ( 49)  observed 
abnormalities  Including  systolic  murmurs,  hypotension,  reduced  atrial  and  atrio- 
ventricular conduction  rates,  systolic  prolongation  and  myocardial  dystrophy  in  a 
group  of  150  TNT  workers  (38  men,  112  women,  age  40  and  under  in  90%  of  cases)  81% 
of  whom  had  been  exposed  for  more  than  5 years. 

d.  Vaso toxicity 

An  increased  vascular  permeability,  especially  for  proteins,  was  observed 
in  workers  suffering  from  TNT  poisoning  ( 50).  This  increase  in  permeability 
is  in  both  directions,  viz.,  from  the  vessel  into  tiBsueB  and  vice  versa. 

e • Toxicity  to  Pancreas 

Functional  disorders  of  the  exocrine  activity  of  the  pancreas,  in  the  form 
of  dyspancreatism  of  enzymes  of  the  pancreatic  juice  and  diastase  deviation 
after  double  load  with  glucose,  were  observed  in  patients  with  TNT  poisoning  (51). 

f . Derma to  toxicity 

TNT-caused  dermatitis  usually  starts  after  5 or  more  days  of  exposure  and 
la  often  found  in  points  of  friction.  It  commonly  starts  between  the  fingers 
the  free  edge  of  the  palm.  Usually  skin  lesions  heal  when  exposure  to  TNT  is 
Btopped.  Dermatitis  is  more  prevalent  where  TNT  levels  are  usually  higher,  as 
in  melting  and  pouring  TNT  into  shells.  It  becomes  mote  serious  during  hut 
and  humid  weather  (28,  53,  54). 

g.  Oculo toxicity 

Chronic  TNT  intoxication  resulted  in  the  cataract  formation  in  several 
workers  (57,  58,  59,  60,  61).  This  cataractogenic  effect  may  be  due  to  a 
direct  effect  on  the  lens  (63,  64),  and  is  often  the  first  and  only  sign  of 
the  presence  of  TNT  in  the  organism  ( 66).  The  development  of  TNT  cataract  is 
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gradual  and  usually  takes  several  years;  2 to  3 years  In  man,  and  up  to  6 
years  in  women,  significantly  exposed  to  TNT  (66  ).  Some  investigators  believe 
that  the  features  of  this  cataract  are  characteristic  to  TNT.  When  contact 
with  TNT  was  stopped  the  development  of  cataract  wbb  retarded  and  even  partial 
resolution  of  the  opacities  occurred.  For  further  details,  please  refer  to 
section  (G)  in  chapter  HI. 

h.  Teeth  and  Oral  Cavity  Toxicity 

Carious  and  non-carious  tooth  injury  as  well  as  peridontal  and  oral  cavity 
mucous  membrane  diseases  were  observed  (69  ). 

i,  Neurotoxicity 

Workers  handling  TNT  showed  a significant  decrease  in  the  chronaxy  of 
the  flexors  and  extensors  of  the  hand  (70,  71)  as  well  as  definite  prolongation 
of  the  optical,  vestibular  and  motor  chronaxy  (18).  A disorder  in  the 
thermoregulating  reactions  to  heat  and  cold  was  alBO  observed  in  50%  of  workers 
(19). 


3 • Nephrotoxicity 

A significant  rise  in  the  glomerular  filtration  rate  and  partial  sodium 
retention  was  observed  in  TNT-exposed  workers  ( 75),  Incidents  of  porphyrinurea 
were  also  reported  among  TNT  workers  ( 77).  In  mild  cases  of  TNT  poisoning, 
urgency,  frequent  micturition  and  lumbar  pain  may  be  the  only  complaints  (76  ) . 

k.  Biochemical  Changes 

A significant  decrease  in  plasma  proteins  in  over  70%,  and  a significant 
increase  in  the  plasma  bilirubin  in  20%  of  persons  sxposed  to  TNT  were  observed. 

No  significant  change  in  the  levulose  tolerance  test  (78  ),  nor  in  the  SGOT, 

SGPT,  or  SDH  (79  ) were  observed  in  one  study.  However,  an  increase  in  SGOT 

and  lactic  dehydrogenase  (LDll)  was  observed  by  Morton  and  Ranadive  (177)  in  workers 

exposed  to  levels  of  TNT  as  low  as  0.6  mg/m3. 

B.  CLINICAL  MANIFESTATIONS  OF  TNT  POISONING 


a . Signs  and  SymptomB 

Symptoms  of  TNT  poisoning  may  be  mild  and  due  mainly  to  irritation  of  skin 
and  respiratory  passages,  or  severe  and  due  to  absorption  of  sufficient  amounts 
of  TNT  to  produce  toxic  symptoms. 

i.  Mild  Irritative  Symptoms;  These  includes 

- Nasal  discomfort,  sneezing,  epistaxis,  coryza,  sore  throat  and  dry  cough(26). 

- Dermatitis  and  erythema.  Desquamation  and  complete  exfoliation  might 
follow  (80) . 

- Gastritis,  nausea,  vomiting,  anorexia,  constipation  and  epigaotric  pain  (27). 
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ii.  Severe  Toxic  Symptoms:  These  are  due  to  the  absorption  of  sufficient 
amounts  of  TNT  and  are  manifested  by: 

- Cyanosis,  first  manifested  in  lips,  tongue,  ears,  fingertips  and  mucous 
membranes  (6,81). 

- Toxic  jaundice,  which  indicates  severe  liver  damage  and  is  responsible 
for  30%  of  the  fatalities  from  TNT  poisoning  (82) . 

- Aplastic  anemia;  this  is  usually  fatal  and  is  sometimes  preceded  by 
jaundice  (83,84). 

- Cataract)  this  is  considered  by  some  investigators  as  the  firBt  and  only 
clinical  sign  of  intoxication  (85  ), 

- Menstrual  disorders  and  dysurla  (86). 

- Neurological  manifestations  in  the  form  of  neurasthenia,  nystagmus, 
irregularity  of  tendon  reflexes  and  adiadochokinesia  were  bIbo  manifested. 
Vagotonia  that  resulted  in  hyperhidrosis  of  feet  and  hands,  acrocyanosiB 
and  bradycardia  were  reported  (87) , 

c 

b.  Findings  on  Physical  Examination; 

- Yellow  discoloration  of  the  skin,  nails  and  hair  (88). 

- Cyanosis,  especially  manifested  in  lips  and  sclera  (89). 

- Dermatitis  (53,55,56) 

- Epigastric  pain,  tenderness  and  spasm  in  the  epigastrium  (27). 

- Enlarged  liver,  that  is  distinctly  palpable  below  the  costal  margin. 

- Decrease  in  the  diastolic  and  mean  arterial  pressure,  an  increase  in  stroke 
and  minute  volume}  bradycardia,  a decrease  in  the  amplitide  of  the  QRS 
complex  and  flattening  of  the  T wave  (87). 

- Decrease  in  the  amplitude  of  the  bioelectric  activity  in  the  brain  (87). 

c.  Laboratory  Findings 

- Urine  of  patients  exposed  to  TNT  is  usually  darker  in  color  than  normal, 
and  in  most  of  the  cases  gives  a positive  Webster's  test  (206). 

- Rlood  shows  normochromic  anemia,  leukopenia,  lymphocytosis  and  thrombo- 
cytopenia (87) . 

C.  TREATMENT  OF  TNT  TOXICITY 


Since  there  is  no  specific  antidote  for  TNT  poisoning,  the  following  pro- 
cedures are  necessary: 
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a.  Immediate  removal  from  all  contact  with  TNT,  changing  of  any  contam- 
inated clothes  and  thorough  washing  of  the  skin  with  soap  and  water  (2). 

b.  High  carbohydrate  diet  with  plenty  of  fresh  food  and  vegetables  to 
support  the  liver.  Relapses  of  jaundice  are  common  and  patients  must  be 
watched  for  an  extended  period  of  time  (84). 

c.  Dermatitis  can  be  treated  by  the  application  of  mild  wet  dressings 
such  as  boric  acid  solution  or  calamine  lotion.  Should  lesions  become  in- 
fected antibiotic  ointments  are  recommended  (53,94) . 

d.  Though  prognosis  is  poor,  frequent  transfusion  of  freBh  blood  and 
high  vitamin  C and  B complex  intake  are  necessary  measures  to  combat  aplaBtlc 
anemia.  Extreme  care  should  be  taken  to  guard  against  any  infection  or  even 
injudicious  doses  of  bone-marrow  depressant  drugs  (34,42). 

e.  Cyanosis  can  be  treated  with  oxygen  and  carbon  dioxide  Inhalation. 

D.  HUMAN  FATALITIES 

The  greatest  number  of  human  fatalities  occur  in  the  melting,  pouring, 
pressing,  boring  and  planing  of  the  charges  of  shells.  Death  is  mainly  due 
to  jaundice,  aplastic  anemia  or  both.  Both  dust  and  fumes  of  TNT  gain  access 
to  the  body  via  the  bronchial  tree,  and  TNT  can  be  bIbo  absorbed  through  the 
skin.  The  first  fatality  attributed  to  TNT  poisoning  was  in  1915 
and  it  was  due  to  jaundice.  By  the  end  of  that  year,  no  Ibbb  than  50  other 
cases  of  toxic  jaundice  that  ended  fatally  were  reported  among  TNT  exposed 
workers  (97).  In  1917,  95  other  cases  were  mentioned,  of  which  28  ended  in 
death(95).  In  the  U.S.A.,  475  fatal  cases  were  reported  during  World  War  I. 

In  another  estimate  580  died  from  TNT  poisoning  in  the  U.S.A.  in  the  period  of 
1914  to  1918  ClS9 ) • In  the  same  period  90  workers  died  in  England.  In  Germany, 
however,  only  20  TNT  workers  developed  liver  atrophy  and  died  (98). 

Strict  hygienic  measures  during  World  War  II  resulted  in  a dramatic 
decrease  in  the  number  of  fatalities  due  to  TNT  poisoning.  ThuB,  only  22 
patients  died  in  the  U.S.A.*,  8 of  them  died  of  toxic  hepatitis,  13  of  aplastic 
anemia  and  one  from  both.  Sporadic  cases  were  reported  after  World  War  II,  and 
also  other  causes  of  death,  such  as  thrombocytopenic  purpura  were  mentioned  (34)  . 

Postmortem  Findings; 

Microscopic  examination  revealed  fatty  degeneration  of  the  liver  and 
kidney,  and  marked  cellular  infiltration  of  the  connective  tissue  Btroma  in 
lungs  (105,106,107). 

E . SUSCEPTIBILITY  TO  TNT  POISONING 

Women  are  more  susceptible  to  TNT  p~isoning  than  are  men;  the  immature 
workers  of  either  sex  are  more  susceptible  than  the  mature  ones  (95)  and 
black  people  are  much  less  susceptible  to  TNT  toxicity  than  whites  (53)  . 
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Morton  et  al.  (109)  found  a significant  increase  in  SOOT  and  LDH  in  pa- 
tients exposed  to  as  low  a level  of  TNT  as  0.6  mg/m3.  The  present  U.S,  Occupa- 
tional Safety  and  Health  Administration  Standard  for  TNT  in  the  atmosphere  is 
1.5  mg/m3  (8-hour  time  weighted  average). 

3.  TOXICOLOGIC  INVESTIGATIONS  IN  ANIMALS 


Due  to  the  fact  that  most  of  the  animal  experiments  were  carried  out  during 
World  Wars  I and  II,  the  design  of  the  experiments,  the  number  of  animals  used, 
as  well  as  the  exact  dose  of  TNT  given  via  various  routes,  would  not  meet  present 
protocols.  For  instance,  some  authors  used  only  one  animal  for  testing 
the  toxicity  of  TNT  when  given  orally;  after  several  days  when  no  ill-effects 
were  exhibited,  the  same  animal  would  be  used  for  percutaneous  administration 
of  TNT.  However,  animal  toxicity  is  diacuBsed  under  the  following  topics: 

A.  Toxic  dose  levels  These  are  summarized  in  Table  IV. 1. 

B . Species  sensitivity  and  tolerance 

Cats  are  very  sensitive  to  TNT,  whereas,  monkeys,  rabbits  and  rats  showed 
less  sensitivity  to  the  compound.  This  difference  was  suggested  to  be  due, 
in  part,  to  the  different  fate  of  TNT  in  the  organism  (66).  Tolerance  ia  not 
acquired  by  experimental  animal a to  TNT  (112) . 

C.  Toxicological  differences  between  TNT  Isomers 

While  authors  believe  that  3-  and  y-  isomeric  trinitrotoluenes  are  of  the 
same  qualitative  and  quantitative  toxicity  as  TNT  (66,  110),  others  claim 
that  the  latter  is  less  toxic  than  the  3-  and  y-iBomers  (.113),  However,  the 
presence  of  6-  and  y-  compounds  does  not  affect  its  efficacy  ob  an  explosive. 

D.  Acute  Toxicity 


a.  Mice 8 The  oral  LD«,o  for  male  and  female  animals  were  1,014  ± 52  mg/kg, 
and  1,009  + 54  mg/kg,  respectively  (164). 

b.  Ratal  The  acute  oral  LD50  of  TNT  administered  as  4.12%  solutions  in 
peanut  oil  waB  found  to  be  1,010  ± 41  and  820  ± 32  mg/kg  in  male  and  female 
rats,  respectively (153) . Subcutaneous  injection  of  0.5  to  1.0  g/kg  of  TNT  in 
arachis  oil  to  Wistar  rate  resulted  in  death  of  a "proportion"  of  the  animalB 
within  48  hours  (32),  A suspension  of  TNT  (2%  in  acacia  mucilage)  given  orally 
or  subcutaneously  to  male  albino  rats  every  2 days  for  18  days,  resulted  in  an 
increase  in  the  porphyrin  excretion  only  in  doses  higher  than  400  mg/kg  (110). 

c.  Guinea  Pigs;  Oral  administration  of  TNT  to  guinea  pigs  in  doses  of 
0.2  to  0.5  g daily  or  every  ether  day  for  3 to  8 days  resulted  in  the  appear- 
ance of  severe  anemia  of  the  hypochromic  type  with  an  increase  in  the  reticulo- 
cyte count,  considerable  leukocytosis  and  reduced  platelet  count (121). 

Moderate  dermal  sensitivity  was  noted  after  topical  application  of  a 4,12% 
solution  of  TNT  in  peanut  oil,  according  to  the  technique  of  the  Magnusson  and 
Kligman  "maximization  test". 
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d.  Rabbits  t TNT  brought  about  a decrease  of.  50%  in  the  total  plasma 
proteins,  mainly  in  the  albumin  fraction.  Doses  of  0.65  g/kg  of  TNT  given 
subcutaneously  Induced  hypochromic  anemia  with  acute  leuko-  and  thrombo- 
cytopenia, 

Primary  skin  and  eye  irritation  was  considered  to  be  mild  following  ttiBts 
with  a 50%  paste  of  TNT  in  peanut  oil,  according  to  a modified  Draize  method.  A 
red  pigment  developed  under  skin  patches  and  around  the  eyes  of  all  treated  rab- 
bits within  24  hours  (114). 

e.  Cats;  TNT  injected  intraperitoneally  to  cats  in  doses  of  0,10  to  0.15 
mg/kg  was  lethal  within  3.5  to  5.5  hours.  Doses  of  0.04  g/kg  and  over  caused 
phagocytosis  of  erythrocytes,  hemosiderosis  of  Kupffer's  cells  and  moderate 
fatty  degeneration  of  the  liver.  • 

Dogas  TNT  given  intravenously  to  dogs  in  a dose  of  1.5  mg/kg  .decreased 
the  chronaxy  of  the  hind  legs  3 to  6 hours  after  the  injection. 

E.  CHRONIC  TOXICITY 


a.  Monkeys i Rhesus  monkeys  orally  administered  TNT  in  doses  of  1.0,  0.1 
or  0.02  mg/kg  b.w./day  for  13  weeks  experienced  gagging  and  vomiting,  and  reduced 
weight  gains,  but  no  abnormalities  were  detected  in  blood  chemistry,  urine,  be- 
havior, appearance,  motor  activity  or  liver  function  (BSP  clearance).  Ophthal- 
mological  abnormalities  were  not  noted.  The  highest  dose  produced  inc-eaBed  liver 
cord  cell  hemisiderin  deposits  bb  compared  with  controls.  Bone  marrow  examina- 
tion revealed  absence  of  observable  normal  megakaryocytes,  but  thrombocytopenia 
could  not  be  confirmed  (224). 

b.  Rata.:  TNT  was  given  daily  (0.15  -g/kg)  mixed  with  food  of  3 basic 
diets  (protein-,  carbohydrate-  and  fat-rich  diet).  Only  those  fed  on  a fat- 
rich  diet  showed,  within  the  first  two  weeks,  signs  of  weakness,  anemia  and 
liver  lesions  in  the  form  of  fatty  infiltration  and  acute  necrosis  of  paren- 
chymal cells.  An  erythroblastic  hyperplasia  of  the  bone  marrow  and  siderosls 
of  the  spleen  was  also  detected.  Death  occurred  within  4 to  6 weeks  (32). 

A biphaBic  response  in  excitability  of  the  neuromuscular  junction  (reduction 
followed  by  increase)  was  observed  when  rats  were  given  30  mg/kg/day  TNT 
orally  for  60  days  (163) , TNT  decreased  the  catecholamine  levels  in  the  heart 
and  brain  of  rats  two  months  after  the  beginning  of  poisoning.  The  serotonin 
level  was  also  decreased  and  the  monoamine  oxidase  activity  was  increased  in 
the  liver  and  brain  of  rats  given  100  mg/k'g/day  of  TNT  orally  for  3 to  30  days 
(191).  Various  methods  to  determine  the  effect  of  TNT  on  liver  function  in 
albino  rats  were  also  mentioned  (42) , 

c.  Guinea  Pigs:  Administered  by  inhalation,  TNT  produced,  at  the  beginning 
an  increase  in  the  number  of  the  erythrocytes;  anisocytosis , poikilocytoBis  and 
polycythemia  were  observed  (85).  Given  orally,  it  produced  hyperchromic  anemia, 
moderate  leukocytosis  and  moderate  reduction  in  the  number  of  blood  platelets 
(124)  . The  chronic  effects  of  TNT  on  the  nervous  system  of  guinea  pigs  consist 
of  microfocal  destruction  of  white  matter  in  the  brain,  and  the  vessels  were 
enlarged  and  plethoric  (74) . 

d.  Rabbits:  The  effect  of  chronic  intoxication  with  TNT  on  the  blood 
picture  was  Btudied  (76,121)  . A decrease  in  platelet  count  was  ascertained, 
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but  changes  in  prothrombin,  coagulation,  or  clot  retraction  time  were  not 
observed.  Methemoglobinemia  (172)  and  an  increase  in  y-globulin  (111)  were  also 
observed.  In  a total  dose  of  0.08  g given  over  4 weekB,  TNT  increased  the 
urinary  coproporphyrin  .level (176) . A progressive  decrease  in  the  total  quantity 
of  plasma  proteins  (9) as  well  as  various  biochemical  changes (136-138 )were  also 
reported. 

e.  Cats > A total  dose  of  9.5  g of  TNT  given  to  a 3.8  kg  cat  by  rubbing 
on  the  skin  caused  death  within  18  days  (173). 

f.  Doga l Beagles  administered  0.02-1.0  mg/kg  b.v./day  of  TNT  orally  for  90 
days  developed  no  toxic  manifestations  other  than  temporary  episodes  of  vomiting 
during  the  first  14  days  (223).  TNT  given  orally  in  doaes  of  5 to  33  mR/kg  caused 
cyanosis,  salivation,  diarrhea,  incoordination,  icterus  and  anemia  (112).  In  another 
experiment  TNT  was  given  orally,  6 duye/weak  for  4 weeke  in  doses  of  5,  15,  25 
and  100  mg/kg  b.w.  During  the  firat  7 to  10  days  dogB  appeared  ektremely  sick, 
ataxic  and  manifested  incoordination  and  nystagmus.  By  the  end  of  the  second 
week,  however,  animals  showed  marked  improvement  and  returned  to  normal(142) . 

Oral  administration  of  50  mg/kg  day  of  TNT  to  a dog  for  12  weeks  did  not  prove 
fatal  (179),  Some  lnhalational  Btudies  with  negative  results  were  also  reported 
(129).  When  injected  subcutaneously  every  other  day,  in  a dose  of  20  to  50 
mg/kg/day  for  3 months,  TNT  caused  deprasoion  of  bile  formation  and  excretion. 


g.  Microscopic  changes  in  experimental  lesions ; Microscopic  changes 
that  were  observed  in  various  animal  species  are  summarized  in  Table  IV. 3. 

4.  CARCINOGENICITY.  MUTAGENICITY  AND  TERATOGENICITY  OF  TNT 

To  date,  no  carcinogenic  effects  from  TNT  intoxication,  nor  teratogenic 
studies  have  been  reported.  Schepers  (149)could  not  find  any  pulmonary  lesions 
including  lung  cancer  in  guinea  pigs,  rats  and  mice  that  were  exposed  to  TNT. 

In  concentrations  of  0.5  to  10  yg/ml,  TNT,  studied  by  the  Ames  assay,  was  found 
to  be  a framsahift  mutagen  (150) . Chromosomal  and  chromatid  abnormalities  were 
noted  in  bone  marrow  cells  of  rats  after  6 months  of  topically  applied  30%  TNT 
5 timee  a week  (222) . 

5.  RELATIONSHIP  BETWEEN  DIETARY  FACTORS  AND' TNT  POISONING 

Experimental  investigations  in  animals  revealed  that  dogB  fed  a meat  diet 
are  more  resistant  to  TNT  poisoning  than  dogs  which  are  fed  white  bread  and 
milk  (112).  The  addition  of  milk,  on  the  other  hand,  to  the  diet  of  doga 

that  were  given  50  mg/kg  TNT  orally,  alleviated  only  slightly  the  toxic  effects 

produced  by  TNT.  A fat-rich  diet  increased  the  toxicity  of  TNT  in  white  rats. 

The  effect  of  the  addition  of  vitamin  C to  the  diet  of  rats,  guinea  pigs, 

rabbits  and  cats  was  studied  and  it  was  found  that  only  in  the  case  of  cats 
that  ascorbic  acid  appeared  to  have  a slightly  favorable  influence  on  the 
course  of  TNT  intoxication.  The  degenerative  changes  induced  by  TNT  in  the 
liver  were  inhibited  by  giving  methionine,  liver  extract,  B complex  and  nico- 
tinamide to  rabbits  poisoned  by  TNT. 

Observations  in  humans  included  a favorable  effect  of  Vitamin  C and  a 
deleterious  effect  of  alcohol  on  the  course  of  TN'f  toxicity. 
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6 . ABSORPTION.  DISTRIBUTION,  BIOTRANSFORMATION , EXCRETION  AND  BIODEGRADATION 
OF  TNT 

Absorption  and  distribution;  TNT  gains  access  to  the  body  through  lungs, 
gastrointestinal  tract  and/or  the  skin,  which  is  the  chief  route  of  absorption. 

TNT  is  distributed  to  various  organs  and  tissues  as  shown  in  Table  VIII. 1. 

Biotransformation  of  TNT : Various  in  vivo  and  in  vitro  experiments  were 
conducted  to  study  the  biotransformation  of  TNT.  It  was  found  that  TNT  can  be 
reduced  to  give  mainly  2, 6-dinitro-4-amino toluene  and  2 ,4-dinitro~6-aminotoluene . 
The  sequences  of  events  and  the  various  intermediates  in  the  reduction  of  TNT 
are  shown  in  Figure  VII. 1.  On  the  other  hand,  TNT  undergoes  oxidation  and 
various  hypothetical  routes  are  illustrated  in  Figure  VII. 2.  TNT  is  mainly 
excreted  in  the  urine. 

Microbial  Degradation  of  TNT;  Various  organisms  are  able  to  biodegrade  TNT. 
E.  ooti  can  reduce  at  least  one  nitro-group  of  TNT  to  its  respective  amine  (172, 
174).  The  enzymatic  process  requires  NADH.  Pseudomads  isolated  from  mud  and 
water  can  metabolize  TNT  to  isomers  of  dimethyltetranitrobenzine,  and  dinitro- 
hydroxylaminotoluene  and  nitrodiamino toluene  (170,171).  Pseudomonas  I and  II, 
Isolated  from  rat  feces  and  raw  sewage,  aerobically  degrade  TNT  and  incorporates 
it  into  the  Krebs  cycle  (170). 

7.  EPIDEMIOLOGY 

Several  fatalities  that  occurred  due  to  TNT  exposure  are  enumerated  in 
Chapter  VIII.  Casea  of  mild  intoxication,  medical  transfers  of  employees  to 
jobs  not  involving  TNT  exposure,  due  to  the  development  of  dermatitis  or  sys- 
temic intoxication,  and  fatalities  were  summarized  in  Tables  VIII. 1 and  VIII, 2. 

Various  health  hazards,  safety  measures  and  standards  for  TNT  are  summar- 
ized in  Chapter  IX.  The  detection  and  estimation  of  TNT  in  air  and  in  various 
biological  fluids  are  enumerated  in  Chapter  X. 
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XII.  CONCLUDING  REMARKS  AND  RECOMMENDATIONS 


A large  amount  of  information  on  the  adverse  health  effects  of  TNT  has 
already  been  compiled,  as  is  evident  in  the  preceding  discussion,  in  this 
review.  Unfortunately,  much  of  this  was  gathered  from  direct  observation  of 
the  poisoning  of  Industrially  exposed  humans,  before  being  examined  in  suitable 
animal  models.  However,  there  do  remain  areas  where  more  information  may  be 
gathered  in  order  to  develop  informed  regulations  that  will  protect  the  TNT 
worker.  These  are  enumerated  as  follows: 

1.  To  date  cancer  is  not  claimed  to  have  been  caused  by  TNT  exposure  to 
humans  or  other  animals.  However,  it  may  require  20  years  or  more  for  a latent 
tumor  to  become  detectable  in  humans.  More  than  30  years  has  passed  since  a 
large  number  of  workers  were  exposed  in  the  production  of  TNT  for  use  in  World 
War  II.  Therefore,  it  seems  the  ideal  time  to  institute  a retrospective  cancer 
study  of  these  workers. 

2.  Reproductive  effects  have  not  been  sought  in  human  epidemiological 
studies  or  experiments  with  animal  models.  Such  a study  might  be  initiated  to 
ascertain  if  the  number  of  birth  defects  are  increased,  or  fertility  and  other 
changes  are  evident  in  workers  recently  exposed  to  TNT. 

3.  Item  one  may  be  further  supported  by  appropriate  carcinogenesis  bioassays 
in  experimental  animals,  Reproductive  and  teratogenic  effects  may  be  examined 
using  animal  models  rather  than  an  epidemiological  survey. 

4.  TNT  is  known  to  produce  hemodynamic  effects,  livor  disease,  and  possibly 
cataracts.  To  protect  workers  the  U.S,  Occupational  Safety  and  Health  Ad- 
ministration has  adopted  the  threshold  limit  value  of  1.5  mg/m3  (8  hour  time- 
weighted-average)  as  the  standard  for  atmospheric  exposure  to  TNT.  However, 
several  authors  (100,  176,  177)  have  questioned  the  adequacy  of  this  level. 

Therefore,  inhalation  experiments  in  which  sensitive  animals  are  exposed  for  8 
hours/day  to  atmospheric  levels  below  1.5  mg/m3  may  be  appropriate  to  determine  If 

any  signs  of  toxicity  are  produced.  Cataract  development  studies  should  be  considered. 

5.  To  date,  there  is  no  single  and  specific  test  to  detect  the  early  symp- 
tomlesB  stages  of  TNT  toxicity.  Therefore,  a test  for  the  detection  of  TNT  in 
biological  fluids,  that  is  sensitive  and  specific,  should  be  developed. 

6.  Although  the  content  of  impurities  in  military  grade  TNT  is  only  about 
0.2X,  the  possibility  exists  that  these  impurities,  e.g.  iBomers  other  than 
a-TNT  as  well  as  other  products  formed  in  the  nitration  of  toluene,  may  contri- 
bute to  or  enhance  the  toxicity  and/or  mutagenicity  of  TNT.  For  these  reasons, 
the  oral  LD50»  skin  sensitization,  eye  and  skin  irritation  tests  in  appropriate 
animal  models,  as  well  ao  the  Ames  test,  should  be  investigated  in  order  to 
derive  toxicological, data  for  TNT  isomerB  of  importance  to  personnel  who  may  be 
exposed  during  its  manufacture  and  use. 

' 7.  Since  the  toxicity  of  TNT  may,  in  part,  be  attributed  to  one  or  more 

of  its  metabolites,  especially  2 ,4-dinitro-6-aminotoluene  and  2,5-dinitro-4- 
amino toluene,  an  assessment  of  the  relative  toxicity  of  these  to  TNT  in  various 
animal  species  is  warranted. 
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8.  Certain  medications  are  known  to  cauae  lntrahepatlc  cholestasis,  hepato 
cellular  necrosis  or  miscellaneous  hiatopathologlcal  lesions  in  the  liver.  In- 
vestigations of  possible  Interactions  of  these  compounds  with  TNT  might  be  of 
value.  In  addition,  persons  using  these  drugs  should  be  aware  of  the  rlBk  of 
serious  liver  damage  with  TNT  exposure.  Examples  of  these  drugB  Include  pheno- 
thiazine  derivatives,  some  antibiotics,  diuretics,  oral  contraceptives  and  other 
steroid  hormones.  A more  complete  list  may  be  found  at  the  end  of  thla  chapter. 

9.  In  the  same  consideration  aa  item  8,  persons  taking  drugs  which  are 
toxic  to  or  depress  the  bone  marrow,  should  be  aware  that  TNT  is  itself  a bone 
marrow  depressant.  A list  of  these  medications,  also  at  the  end  of  this  chapter 
Includes  certain  antimetabolites,  antineoplastlc  compounds,  antihistamines, 
antlconvulsantB,  benzene,  toluene  and  chloramphenicol. 

10.  Since  TNT  has  been  reported  to  induce  hemolytic  anemia  in  persons  de- 
ficient in  glucose-6-phosphate  dehydrogenase  (G6PD) , the  implications  of  thla 
finding  as  a pre-employment  examination  teat  for  TNT  workers  should  be  further 
investigated. 

11.  Specific  toxicological  studies  that  have  not  been  performed  on  TNT, 
and  the  gaps  that  should  be  filled  are  indicated  in  Table  XII. 1.,  which  follows. 
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TABLE  XI-1 

GAPS  IN  TOXICOLOGICAL  DATA  ON  TUT 


} I 1 


Acute  dermal  LDjq 

Metabolism0 

X 

X 

Mutagenesis  ^ 

(in  progress) 

2-year  feeding 

X 

180-day  feeding 

X 

Reproduction 

X 

Teratology 

X 

a.  Metabolism  includes  absorption,  distribution,  excretion  and 
pharmacokinetics,  using  radio-labeled  material;  and  includes 
the  identification  and  possible  isolation  of  any  metabolites. 

b.  This  includes  a carcinogonicity  evaluation. 

X m Study  has  not  been  performed 


I 

i 


I 

■) 


i 

■( 


i 
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Hauatotoxlc  Substances 


1.  Alpha-methyldopa  (Aldomet) 

2.  Carbarsone  (Amebarsone) 

3.  Ectylurea  (Cytran,  Levanil,  Nostyn) > 

4.  Methimazole  (Tapazole) 

5.  Phenothiazine  derivatives: 

a.  Chloropromazine  (Thorazine) 

b.  Promazine  (Sparine) 

c.  Perphenazine  (Trilafon) 

d.  Prochlorperazine  (Compazine) 

e.  Mepazine  (Pacatol) 

C.  Thioridazine  (Mellaril) 
g.  Trifluoperazine  (Stelazine) 

6.  Chlorothiazide  (Diuril) 

7.  Thiouracil 

8.  Sulfonylurea  derivatives 

a.  Chlorpropamide  (Diabinase) 

b.  Tolbutamide  (Orinase) 

9.  Erythromycin  estolate  (Ilosone) 

10.  Sodium  oxacillin  (Prostapblin,  Resistopen) 

11.  Nitrofurantoin  (Furadantln) 

12.  Imipr amine  (Tofranil) 

13.  Acetohexamide  (Dymelor) 

14 . Amodiaquine  (Camoquin) 

15.  Chlordiazepoxide  (Librium) 

16.  Ethionamide  (Trecator) 

17.  Isonlazid 

18.  a.  Halothane  (Fluothane) 

b.  Methoxyflurane  (Penthrane) 

19.  Monoamine  Oxidase  Inhibitors 

a.  Isocarboxazid  (Morplan) 

b.  Niolamide  (Niamid) 

c.  Phenelzine  (Nardil) 

d.  Tranulcyclopromine  (Parnate) 

20.  Phenylbutazone  (Butazolidin  ) 

21.  Probenecid  (Benemid) 

22.  SulphonamideBS 

a.  Sulphamethoxazole  (Gantanol) 

b.  Sulphasoxazole  (Gantrisin) 

c.  Sulphamethoxypyridazine  (Kynex,  Mldicel) 

23.  Amphotericin  B 

24.  Chlorambucil  (Leukeran) 

25.  Chloramphenicol  (Chloromycetin) 

26.  Phenyton  Sodium' (Dilantin) 

27.  Gold  salts 

28.  Male  fern 

29.  Mercaptopurine  (Purinethol) 

30.  Metahexamidel  (Euglycin,  Melanex) 

31.  Methsuxamide  (Celontin) 

32.  Nicotinic  acid 

33.  Novobiocin  (Albamycin,  Cathomycin) 

34.  Para-amino  salicylic  acid  (PAS) 

35.  Penicillin 

36.  Phenacemide  (Phenurone) 
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37.  Phenacetin 

3fi.  Phenindione  (Hedulln) 

39.  Triacetyloleandomycin 

40.  Trimethadione  (Tridione) 

41.  Uracil  Mustard 

42.  Gall  bladder  x-ray  dyes 

a.  Bunamiodyl  (Orabilex) 

b.  topanoic  acid  (Telepaque) 

43.  Adrenal  and  Adrenocortlcotrophic  steroids 

44.  Trichloroethylene  (Trilane) 

45.  Amethopterin  (Methotrexate) 

46.  Ethyl  carbamate  (Urethan) 

47.  Tannic  acid  (Chysodrast) 

48.  Methyl  testosterone 

49.  Norethandrolone  (Nilevar) 

50.  Methandrostenolone  (Dianabol) 

51.  Oral  Contraceptives: 

a.  Norethynodrel  with  Mestranel  (Enovid) 

b.  MegeBtral  acetate  (Volidan) 

c.  Lynestrenol  (Lyndiol) 


Substancea  Toxic  to  Bona  Marrow 

1.  Ionizing  radiation 

2.  Alkylating  agents 

a.  Nitrogen  Mustard  (Mustargen) 

b.  Triethylene  melamin  (TEM) 

c.  Busulfan  (Myleran) 

3.  Ethyl  carbamate  (Urethane) 

4 . Benzene 

5.  Antimetabolites 

a.  Antipurines 

b.  Antifolic  acid 

6.  Chloramphenicol  (Chloromycetin) 

7.  Anticonvulsants 

a.  Mephenytoin  (Mesantoin) 

b.  Butalbarbital  (Butisol)  ' 

c.  Phenytoin  (Dilantin) 

d.  Ethosuximide  (Zarontin) 

8.  Antithyroid  drugs 

a.  Imidazole  (Carbimazole) 

b.  Methimazole  (Tapazole) 

c.  Potasium  perchlorate 

d.  Thiocyanates 

9.  Antihistamines 

a.  Tripelennamine  (Pyribenzamine) 

b.  Diphenhydramine  (Benadryl) 
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10.  Clue 

a.  Toluene 

b.  Benzene 

11.  Certain  Insecticides 

12.  Phenylbutazone  (Butozolldin) 

13.  Acetazolamide  (Diamox) 
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APPENDIX 

INFORMATION'  SOURCES  EXAMINED 


Cony  hi  t e r S earchablyvpa  t a Bases 

1.  National  Ycclmlc.nl  Information  Sorv.Lcca  - covering  1964  to  premint 
(anarched  on  4/4/'//). 

2.  Toxline/Toxback  (searched  on  3/29/ V?) 

3.  Chcmicul  CondonaatoB  - cove ring  1972  to  present  (searched  on  4/1/77) 

* 

4.  BIO 31 8 Previews  - covering  1972  to  present  (searched  on  4/8/77) 

5.  1ST.  SCISEAKCH  - covering  1974  to  present  (searched  on  4/8/77) 

6.  CANCERLINE  (searched  on  5/5/77) 

7.  NIOSll  Technical  Information  Center  file  - (recoivcd  on  5/15/77) 

8.  Defence  Documentation  Center  - (received  on  5/15/77) 
hard  JS ound  Secondary  References 

1.  Chemical  Abstracts  - V.  1 (1907)  - V.  83  (1975)  . 

2.  Index  Hodieus  - V.l  (1927)  - V.18  (No.  4),  1977. 

3.  Excerptn  Medica  ~ sectiono  entitled  Toxicology  and  Pharmacology, 
Occupational  Health  and  Industrial  Medicine,  Cancer,  Environment nl 
Health  and  Pollution  Control  (covering  Vol,  1 through  last  volume 
available  in  1976)  wore  examined. 

4.  Engineering  Index  - (covering  1940  through  1977,  issue  // 3). 

5.  Biological  Abstracts  - [covering  Vol.  .1  (1927)  through  Vol.  61 
(1976)1. 

Other  References  Examined 

1.  Gleason,  M.N.  , R.K.  Gcsuolin,  H.C.  Hodges,  R.P. Smith,  Clinical  Toxicology 
of  Commercial  Products,  Williams  £.  Wilkins  Co,,  Baltimore,  1969 

(Third  Edition) . 

2.  Browning,  E. , Toxicity  & Metabolism  of  Industrial  Metals,  Elsevier 
Publishing  Company,  Now  York,  1965. 

3.  Goodman,  L.S.,  A.  Gilman,  The  Pharmacological  Basis  of  Therapeutics, 

The  Macmillan  Company,  New  York,  1975  (Fifth  edition). 
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4.  Code  of  Federal  Regulations,  July  1,  1976. 

5.  AIHA  hygiene  Guide,  Cincinnati,  American  Industrial  Hygiene  Associa- 
tion, Sept. -Oct.  1964. 

6.  Parke,  D.V.,  Biochemistry  of  Foreign  Compounds,  Pergumon  Press, 
Oxford,  1968. 

7.  Shepard,  T.H.,  Catalog  of  Teratogenic  Aget.ta,  The  Johns  Hopkins 
University  Press,  Baltimore,  1973. 

8.  Fishboin,  L. , Chromatography  of  Environmental  Hazards,  Vol.  1-3, 
Elsevier  Publishing  Company,  New  York,  1973. 

9.  Thienes,  C.L.,  T.J.  Haley,  Clinical  Toxicology,  Lea  and  Febiger, 
Philadelphia,  1972  (Fifth  Edition). 

10.  Sax,  N.I.,  Dangerous  Properties  of  Industrial  Materials,  van 
Nostrand  Reinhold  Co.,  New  York,  1975. 

11.  American  Conference  of  Governmental  Industrial  Hygienists,  Documen- 
tation of  the  Threshold  Limit  Value  for  SubstancoB  in  Workroom 
Air,  197.1  (Third  Edition). 

12.  International  Labour  Office,  Encyclopedia  of  Occupational  Health 
and  Safety,  McGraw-Hill  Book  Co.,  New  York,  1971-1972. 

13.  The  Chemical  Society,  Foreign  Compounds  Metabolism  in  Mammals, 

Vol.  162,  The  Chemical  Society,  London,  1970  and  1972. 

14.  Committee  on  the  Handbook  of  Biological  Data,  National  Academy  of 
sciences,  National  Research  Council,  Washington,  D.C.,  Handbook 
of  Toxicology,  Vol,  1-5,  W.B.  Saunders  Co.,  Philadelphia,  1959. 

15.  World  Health  Organization,  1ARC  Monographs  on  the  Evaluation  of 
Carcinogenic  Risk  of  Chemicals  to  Man,  Vol,  1-12,  WHO,  International 
Agency  for  Reseurch  on  Cancer,  Lyon. 

16.  Patty,  F.A.  (Ed.),  Industrial  Hygiene  and  Toxicology,  Interscience 
Publishers,  New  York,  1963  (Second  Revised  Edition). 

17.  Hamilton,  A. , H.L.  Hardy,  Industrial  Toxicology,  Publishing  Sciences 
Group,  Inc.,  Acton,  Muss.,  1974  (Third  Edition). 

18.  Kirk-Othmer,  Encyclopedia  of  Chemical  Technology,  Intetscience 
Publishers,  New  York,  1972  (Second  Edition). 

19.  Windholz,  M.  (ed) ; Merck  Index,  Merck  6 Co.,  Rahway,  N.J.  1976 
(Ninth  Edition). 
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20.  Arena,  J.  M. , Poisoning-Toxicology-Symptoms-Trentmenta,  Charles  C. 
Thomas  Publisher,  Springfield,  Illinois,  1974  (Third  Edition) 
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21.  National  Institute  for  Occupational  Safety  and  Health,  Registry  of 
Toxic  Effects  of  Chemical  Substances,  Government  Printing  Office, 
Washington,  D.C.,  1976. 

22.  National  Cancer  Institute,  Survey  of  Compounds  which  have  been  tested 
for  Carcinogenic  Activity,  Public  Health  Service  Publication  No.  149, 
Rockville,  Md.,  1970-1971  Volume. 

23.  The  International  Technical  Information  Institute,  Toxic  and  Hazardous 
Industrial  Chemicals  Safety  Manual  for  Handling  and  Disposal  with 
Toxicity  and  Hazard  Data,  International  Technical  Information  Institute, 
Tokyo,  1975. 

Organizations  Contacted 

1.  National  Institute  of  Occupational  Safety  and  Health,  Cincinnati,  Ohio. 

2.  U.  S.  Army  Environmental  Hygiene  Agency,  Edgewood  Arsenal,  Md. 

3.  Naval  Environmental  Hygiene  Center,  Cincinnati,  Ohio. 

4.  U.S.  Navy  Medical  R&D  Command,  National  Naval  Medical  Center,  Bethesda,  Md. 

Persons  Contacte d 


1.  Crawl,  Mr.  James 

U.S.  Naval  Environmental  Hygiene  Center 
Cincinnati,  Ohio 

2.  Doptis,  Lt.  Commander  Leigh 
Naval  Medical  R&D  Command 
National  Naval  Medical  Center 
Bethesda,  Maryland  20014 

<301)  295-1131  or  (301)  395-1028 

3.  Hathaway,  Lt,  Col.  James 

U.S.  Army  Environmental  Hygiene  Agency 
Edgewood  Arsenal,  Maryland 
(301)  671-2304 

4.  Miller,  Mr.  Luster 
Chemical  Systems  Lab. 

U.S.  Army  Environmental  Hygiene  Agency 
Edgewood  Arsenal,  Maryland 
(301)  671-3557 

5.  Owens,  Mr.  Ed 
Chemical  Systems  Lab. 

U.S.  Army  Environmental  Hygiene  Agency 
Edgewood  Arsenal,  Maryland 
(301)  671-2129 
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6. 


Taft,  Mr.  Richard 
NIOSH 

DTS , COSHI,  IRAS,  C-19 
4676  Columbia  Parkway 
Cincinnati,  Ohio  45226 
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